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PREFACE m THE FffiST EDITION. 



TiH£ essay reproduced herein .was orig- 
inally |)ti?epared for the annual iteport of 
the State Board of H^th of Rhode Isl- 
and. It was written both for profes- 
sionals and laymeni Having- met with a 
favorable reception, it was thought worth 
while to increase its utility by republish- 
ing it in an improved and more accessible 
shape. Many parts were accordingly re- 
written, others were modified and omis- 
sions corrected. Such omissions, how- 
ever, are sure to occur in any edition of a 
book containing descriptions of modern 
pluKi,bij(i\g apparatus, as new appliances 
are cputinuonsly invented .between the 
time the book is written until it is print- 
to ^ and jpablished. 

^ Ma«j^ .cuts of the original jeport haye 

g been ^omitted, particularly those illustrat- 

csj ing plumbing fixtures, as these are oon- 

' ^ taineal in the well-known catalogues and 
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circulars of manufacturers of plumbers' 
supplies. 

The author takes this opportunity to 
express his obligations to many friends 
for valuable hints and suggestions, which 
he has endeavored to embody in this im- 
proved edition. He would be glad if this 
little volume should prove to be of in- 
terest and value to architects, sanitary 
engineers, plumbers, sanitary officers, 
and householders in general. 

W. P. G. 

Newport, R. I., December, 1882. 



PREFACE TO THE SECOND EDITION. 



This new edition has been carefully 
revised, and many additions have been 
made to the subject-matter. 

May this little book, in its improved 

shape, find as many friends and meet 

with as kind a reception as tl^e first 

edition. 

The Author. 

New York, May, 1884. 



PREFACE TO THE THIRD 
EDITION. 

In revising the pages of this book tor 
a third edition^ I have deemed it best to 
make as few changes as possible. The 
general principles of house drainage have 
not been materially altered or modified 
since the first and second editions were 
written, in 1882 and 1884. Perhaps 
there is now, more than ever before, a 
tendency towards simplification of the 
plumbing work, and this is thoroughly 
in accordance with the views always held 
by me. 

In discussing . the various types of 
closets I have omitted in the new edition 
any mention of the closets of the more 
prominent makes, first, because the many 
well illustrated catalogues of dealers and 
manufacturers in plumbers' supplies give 
a sufficiently accurate idea of tlie con- 
struction and method of operation of 
these closets, and second, because there 
are now so many kinds in the market as 



to render it impossible to mentiou them 
all. 

The reader is referred for further de- 
tails regarding sanitary drainage of build- 
ings to the author's companion-volume 
in the Science Series, entitled " Recent 
Practice in the Sanitary Drainage of 
Buildings, with Memoranda on the Cost 
of Plumbing Work/' 

Wm. Paul Oerhabd. 

New York, December 1, 1890. 
36 UoiuD Square, East. 



PREFACE TO THE SIXTH EDITION. 

Xo changes were deemed necessary for 
this new edition, but the author desires 
to acknowledge his gratitude for the ooin- 
tinued appreciation of this little book, mid 
begs to call the attention of those inter- 
ested to the fact that the Science Series 
now includes four yolumes, viz. Nos. 
63, 93, 97, and 111, in which he discusses 
plumbing, house-drainage, sewage dis- 
posal, and gas-fitting, and which, to a 
certain extent, supplement each otheir 
and should therefore be read together. 

Wm. Paul Gerhard. 

New York, March 1, 1894. 
36 Union Square, East. 
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HOUSE-DRAINAGE 



AND 



SANITARY PLUMBING. 



Many erroneous ideas still prevail about 
" sewer-gas" and its danger to health which 
arises, by having so-called "modern con- 
veniences" in our dwellings. It is the 
purpose of this paper, without in any 
way adding to the ^'plumbing scare," 
clearly to define wherein the danger con- 
sists, but at the same time to establish 
rules for the proper draining and plumb- 
ing of houses, which, if carefully ob- 
served, will secure to the anxious house- 
owner work of superior quality and of a 
positively safe character. 

Plumbing fixtures, which were con- 
sidered a luxury years ago, are now be- 
lieved to be necessary, not only for com- 
fort and convenience, but also, and even 
more so, for health and for cleanliness. 
Even a small house is nowadays generally 
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proyided with a kitchen-sink, a water- 
closet, and sometimes a bath-tub, while 
in a costly modern residence, arranged 
with an elaborate system of plumbing, we 
find kitchen, pantry, and scullery sinks, 
slop-sinks, laundry-tubs, stationary wash- 
basins in closets near bedrooms, a great 
number of bath or dressing rooms, with 
water-closets, urinals, bath and foot tubs, 
bidets, and other fixtures. 

The suggestions and recommendations 
of this report apply with equal force to the 
drainage and plumbing of tenements, small 
houses, costly residences, villas, apartment 
houses, hotels, factories, school-houses, or 
other public buildings. As every plumb- 
ing fixture is not only an outlet for the 
waste- water to the drain, but possibly may 
become an inlet for drain-air, the danger 
increases with the number of fixtures. 
A multitude of fixtures require a large 
number of soil and waste pipe stacks, and 
the chance of leakage of sewer- air through 
defective joints increases correspondingly. 
But be the house large or small, be it a 
mechanic's cottage or a wealthy merchant's 



palace, its drainage and plumbing syste* 
should always be so arranged as entirely 
to exclude any possibility of the escape 
of noxious gases from tlie house dniin or 
aewer. 

SEWER^OAS. 

I shall, first, briefly consider what is 
meant by the term "sewer-gas." This 
term, as Prof. W. Ripley Nichols has 
truly said,* is " an unfortunate one, aud 
gives rise to a quite widespread but very 
erroneous idea. Many seem to suppose 
the * sewer-gas' to be a distinct gaseous 
substance, which is possessed of marked 
distinguishing characteristics, which "filla 
the ordinary sewers and connecting drains, 
and which, as a tangible something, finds 
its way through any opening made by 
chance or by intention, and then, and 
only then, mixes with the atmospheric air.'' 

What is popularly known as *^^ sewer- 
gas" is a mechanical mixture of a num- 
ber of well-known gases, having their 

♦ S«e Prof. W. £Uple3' Nichols* report upon cl;iejnical 
ezaminaUon of the afr of the Berkeley-street sewer, in 
Boston, Mass., 1878. 
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origin in the decomposition of animal of 
vegetable matter, with atmospheric air. 
This mixture is continually varying, ac- 
cording to the more or less advanced stage 
of putrefaction of the foul matters, which 
form a sediment and a slimy coating of 
the inner surfaces in drains and pipes. It 
is also variable with the character of this 
sediment or deposit, and with the physi- 
cal conditions (moisture, heat, etc.) under 
which the decomposition takes place. 

The principal gases found in sewers 
and drains are oxygen, nitrogen, carbonic 
dioxide, carbonic oxide, ammonia, car- 
boi^ate of ammonia, sulphide of ammo- 
nium, sulphuretted liydrogen, and marsh- 
gas. 

The three first-named gases are the 
principal constituents of the atmosphere 
surrounding the globe, and are found pre- 
sent in the following average proportion, 
viz. : 

20.9 vols, oxygen ) 

79.1 vols.nitrogen \ '^"^ ^^ ^^^«- ^^ ^^^» together 

with 2 to 5 vols, carbonic dioxide in 10,000 

vols, of air. 
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Accordii^ to R. Angus Smith the 
amount of oxygen is: 

In the average, 20.96 vols, in 100 vols, of air. 
In pure mountain air, 20.98 vols, in 100 vola of 

air. 
At the sea-shore, 20.999 vols, in 100 vols, of air. 
In streets of populous cities, 20.87 to 20.90 vols. 

in 100 vols, of air. 

The air in tiewers and drains contains 
much less oxygen, as some of it combines 
with the carbon of putrefying organic 
matter, forming carbonic dioxide. The 
amount of nitrogen in tlie air of S(*\v(»r8 
is little different from that in the atmos- 
phere which we breathe; but the amount 
of carbonic dioxide present is greatly in- 
creased. 

The lowest amount of oxygen in sewer- 
air is recorded to be 17.4 vols, in 100 vols. 
of air * ; the amount of carbonic dioxide 
is in the average 2.3 vols, in 100 vols. 
Sulphuretted hydrogen varies greatly, but 

* Parent-Duch&telet records the percentage of oxygen in 
an old Paris sewer to be only 13.99 per cent. ; this sewer» 
however, was really only an " elongated cesspool."— W. 
P.O. 
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the quantity is geaemHy eo email as not 
to be easily determined. Still more diffi- 
cult is it to find by cliemical analysis the 
proportion of other gases of decay. 

In well-ventilated and well-flushed bbw- 
ers Dr. RLissell, of Glasgow, found the 
following ratio : 

20.70 vols, of oxygen in 100 vola, ot uir. 
78.79 Tola, of nilrogeo iu 100 vols, of air. 
0.51 vola. of eurbonic dioxide in IftOvola. of air. 
Ha aulpburetled hydrogcu iu 100 vola of air, 
Traces of ammouia iu 100 vols, of air. 



Carbonic oxide is present only in eicea- 
sively minute quantities, and, if so, it is 
generally due to leakage into the sewers 
of illuminating-gas from gas-mains. 

In the absence of more satisfactory 
methods of analysis it is usual with 
ehemiats to determine the amount of pol- 
lution of the air, or the organic matter in 
it, by determining the amount of car- 
bonic dioKide present, assuming that thece 
is a certain fixed proportion between the 
amount of carbouic dioxide and the w 
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ganHc' 4naMM*.* Tbfv, Pfot W. Bif\ef 
Nichols rjBKX>]48i, (M tbe A^reni^e of many 
carefnlly condueted experiimeDiU an Bos- 
ton, the amount of carbonic dioxide in a 
sever w that city as follows : 
The average of 

31 determinations in January, 1878, wag 8.7 vols. 

of COa in 10,000 vols, of air. 
44 determinations in February, 1878, was 8.2 vols. 

of COa in 10,000 vols, of air. 
47 determinations in March, 1878, was 11.6 vols. 

of COa in 10,000 vols, of air. 
12 determinations in April, 1878, was 10.7 vols, of 

COa in 10,000 vols, of an-. 
8 determinations in June, 1878, was 27.5 vols, of 

COa in 10,000 vols, of air. 
8 determinations in July, 1878, was 21.9 vols, of 

COa in 10,000 vols, of air. 

6 (kterminatiojis in August, 1878, was 28.9 v^is. 

of CO, i» 10,000 vols, of air. 

7 determinatious in January, 1879, was 8.0 vols. 

of COa in 10,000 vols, of air. 



* Such iB strictly true only for air foujed by resp^'fltl(Ml, 
while it may not give accurate results in other cases. 

In regard to this interesting question, J refer to tihe n^pofid 
of Prof. Ira Bemsen on the subject of organic matti^ in 
the air, published in the National Bo^rd of flealtii B«lle^ 
Un, vql. $, Wo. it. 
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14 determinations in February, 1879, was 11.9 
vols, of COa in 10,000 vols, of air. 

20 determinations in March, 1879, was 11.8 Yols. 
of CO, in 10,000 vols, of air. 

Prof. Nichols remarks: "It appears 
from these examinations that in such a 
sewer as the one in Berkeley street, which, 
being of necessity tide-locked, is an ex- 
ample of the worst type of construction, 
the air does not differ from the normal 
standard as much as many, no doubt, sup- 
pose. In a general way, as we have seen, 
there is a larger amount of variation from 
normal air during the warmer season of 
the year; but even wlien the amount of 
carbonic acid was largest, it was only ex- 
tremely seldom that sulphuretted hydro- 
gen could be detected." . . . *^ I think it 
should be said that the soil-pipes and 
liouse-drains are much more likely causes 
of discomfort and danger than the sewers. '' 

Hence the ivnportance of a thorough ven- 
tilation of all the soil, waste, and drain 
pipes in a building. 

The question may be asked: Are the 
above-named constituents of sewer-air 
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the origin or cause of the sickness so 
commonly attributed to the inhaling of 
" sewer-gas " ? 

Many of the gases named are undoubt- 
edly poisonous if inhaled into the system 
in large quantities, and may, even if pre- 
sent in smaller quantity, cause nausea, 
asphyxia, headache, vomiting, etc., but 
none of tliem can be said to 'produce any 
of the so-called '^ filth-diseases." To de- 
termine the exact origin of these is a still 
unsolved problem of physiology. Wliile 
some believe that the particles of decom- 
posing organic matter present in sewer-air, 
and known as " organic vapor," cause dis- 
ease, others seek the origin of the latter 
in ;iiicroscopic spores ov (jerms which live 
and feed upon sucli organic vapor, and 
are capable of reproduction under favor- 
able conditions, such as presence of putre- 
fying filth, excess of moisture, heat, lack 
of oxygen, etc. 

Whatever theory may be accej^ted as 
true, it is evident that, by preventing the 
decay of organic matter within sewers, 
drains, and soil-pipes, or by de\)Y\N'\\\^ 
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tliese germs (if bucIi be the cauae of djc^ 
eaae) of the conditions faciUtating their 
reproduction, we can best prevent the ojjt- 
break of excremental diseases. In other 
wordsj by compleiely removing as speedUy 
as possible all waste matters from the 
dwelling by pipes thoroughly and tightly 
jointed, and by a sufficient change of the 
air in these pipes by proper ventilaiion, 
the danger of infection arising from de- 
fective dj'ainoge and plumbing may be re- 
duced to a minimuiu. 

It should be mentioned that some hy- 
gieniste, notably Dr. Soyka and Dr. R^nk, 
both assistants of Pettenkofer in Munich, 
have lately denied the existence of any 
positive proof of a connection between 
eewer-air and the spread of epidemic dis- 
eases — just as Naegeli and Emmerlcli 
doubt the possibiUty of infection frow 
drinking water contaminated by sewage. 
Dr. Renk considers the esclusion of gases 
of decay from the interior of dwellings 
necessary only so far as thoy arc ofFenaire 
to the sense of smell. In this view, hotf- 
ever, I cMiiiot concur ; in regard to " filtii- 
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diseases/' their causes and origin^ I ac- 
cept as more probable the theory of Dr. 
^mon, Parkes, and others, and I believe 
that, as long as there are doubts as to the 
causes of infectious disease, it is wise to 
err on the 6ide of safety. At the same 
time there cannot be the slightest doubt 
about the unwholesome effect in general 
upon health of air contaminated by foul 
gases. Such contamination it is always 
possible to prevent, and the following 
pages are intended to show how this can 
be done in the simplest and most efficient 
manner. 

DEFECTIVE AND GOOD PLUMBING WORK. 

The unhealthiness of dwelling-houses 
has been greatly increased by plumbing 
work defective in design, materials, and 
in workmanship, through ignorance, but 
often through intention of builders. The 
consequence was a growing inclination 
with some to abandon all plumbing fix- 
tures, to go back to the ill-famed privy in 
the backyard, and to follow the ■pvayc^.YCi^ 
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of throwing the slops from the kitchen 
upon the grounds in the rear yard. 

But cannot this risk be avoided with 
careful, conscientious, and honest work- 
manship, carried out under the strict su- 
pervision of an expert ? Is it such a diffi- 
cult thing to have a proper and judicious 
arrangement of the drainage system ? 

I shall endeavor in the following pages 
to explain what the elements of a well-de- 
vised system of house-drainage and sani- 
tary plumbing are. Much has been writ- 
ten of late about this subject. It has 
been well and thoroughly treated by able 
writers, and my paper can hardly claim 
much originality or novelty, but should 
be taken as the outgrowth of much study 
and experience. 

The essentials of a perfect * system of 
lioiise- drain age are simple, and can be 
readily understood by any householder 
when carefully explained. They involve 
novhing more than the proper application 
of \jell-known laws of nature; there is no 
mystery, no secrecy about any part of the 
work. Any one building a house is able 
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to secure good drainage and a safe ar- 
rangement of the plumbing work without 
having to resort to any patented system 
^f trapping drains or ventilating soil and 
^aste pipes, etc. The plumbing fixtures 
^fe, of course, mostly patented, as any 
Useful appliance may be, and in speaking 
^t these one cannot avoid recommending 
patented devices. 

The entire sewage of the dwelling maj 
deliver either into a regular system of 
Sewers, or else discharge into an open 
Avater-coarse ; or — in the absence of either 
— it may run into a cesspool, be it a leach- 
ing cesspool, or a well-cemented, tight 
Vault of brickwork ; or, finally, into a 
flush-tank, to be disposed of on the ground 
by surface irrigation, or below the ground 
by the subsurface-irrigation system. 

So far as the arrangement of the inside 
plumbing work is concerned, it does not 
make any material difference which of the 
above systems of getting rid of the waste- 
water from habitations is available.* 

* It is not intended in this volume to discuss the merits 
and faults of these different methods of sewage disposal. 
For a full discussion of the latter, see the author's book, 
" The Disposal of Household Wastes,"' No. 97 in Van 
Nostrand's Science Series. 
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Uiid«r all ah'09mrtan>ces the three car- 
dinal objects' to be fulfilled by a perfect 
syetem of hou'Se-drasnage are ; 

1. To remove from the inside o! the 
dwelling tie quickly as possible all lik^uid 
SiBd Bemi-liqiiid wastes, whether it be the 
soapy discharge from wasli-bowls, bath- 
tubs, and liuindry-tnbs, or the vegeSable 
refnae from the scullerv-sink, the greasy 
matter from kitchen and pantry sinks, or 
the foul discharges from slop-siiika, uri- 
nals, and water-closets, 

3. To prevent the foul gases originat- 
ing from the decomposition of the ftbeve 
matters in the soil and waste pipes, the 
drain, sewer, cesspool, or flush-tank from 
returning through the same channels into 
our dwelhngs 

3 To oxidize, dilute, and thus render 
inaocuoua by a copious flushing with air 
the foul gases due to the pospible putre- 
faction of waste matters within the house- 
diaius, soil and waste pipes, at the efiTne 
time properly prof«eting all outlets of fii- 
tures from the entrance of these gases. 
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DBAIK8 OUTSIDE OF THE HOUSE. 

The house-drain is the means for eon. 
veying the sewage from the dwelling. Its 
proper material is a question of great im- 
portance. Outside of the dwelling it may 
be constructed of vitrified pipe, circular 
in shape, wliich is superior to cement 
pipe. 

Iron pipe for out^iide drains is prefer- 
able in made ground, or in quicksand, ulso 
where tress are near the line of the drain, 
and wh-re the drain must necessarily pass 
near a well furnishing water for the house- 
hold. 

Neither brick channels nor wooden con- 
duits should be used as house-drains. 
Only strong, hard, well-burnt, vilriliod 
pipe, free from cracks or other defects, 
should be used. Four- inch pipes and 
those of smaller size are especially liable 
to warping, and should be carefully in- 
spected and selected. The interior of 
these pipes should be well-glazed and 
smooth throughout ; the pipes should be 
impervious, true in section, perfectly 



Rtraight^ and of a uniform thickness. 
>\)nr-inch [)ipes should have a thickness 
of ^ in. to l in.; six-inch pi{)es ^ in. to 
2 in.; nine-inch pipes should be not less 
than J inches thick ; twelve-inch pipes 
should be 1 inch thick ; fifteen-inch pipes 
1 ] in.^ and eighteen-inch pipes should kave 
a thickness of 1^ inches. 

The joints of the pipes should receive 
])articular attention. The danger arising 
from imperfect or leaky joints is twofold, 
iijimoly, first, the sewage, by soaking into 
the ground, pollutes the soil and en- 
dangers, the purity of the water supply in 
places where houses are dependent on 
woUs and cisterns for water. The ground 
around and under the house is more and 
more subject to contamination, and m 
winter- time, when there is a strong in- 
ward draught into houses from fireplaces 
and stoves, the tainted " ground-air " is 
thus sucked into our very living and sleep- 
ing rooms, often producing severe illness. 
The second danger resulting from leaky 
joints is equally patent. The solid mat- 
ters, carried in suspension in the pipes. 
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are deprived of a part of their liquid car- 
rier, and thus tend to accumulate and 
form deposits in the house-drain, which 
deposits soon undergo decomposition and 
fill the drains and pipes with noxious 
gases. 

Vitrified pipes are made either with a 
socket or hub attached to one end of the 
pipe, or with both ends plain. When 
8ocket-i)ipe is used, special grooves should 
be cat in the bottom of the trencli for the 
hub, in order to give the pipe a solid bear- 
ing on its entire length. The pipes are 
laid with the socket pointing upgrade, the 
plain or spigot end of one pipe being in- 
serted into the socket of the next. Spi- 
got and socket ends should be concentric. 
Into the annular space between both a 
gasket of picked oakum is introduced and 
fcmly rammed by a hand-iron. The re- 
mainder of the space is then filled with 
pare cement, or cement mixed with an 
equal volume of sand. No lime should 
'jensed with the mortar, which should be 
prepared only in small quantities at a 
time, to prevent its setting before use. 
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Particular attention should be given to 
the bottom part of the joint, where the 
mortar should be pressed into it with the 
fingers. If water accumulates in the 
trench, this should be carefully removed 
from the grooves before making the joints, 
and sufficient earth should be thrown intc 
the groove to support the mortar at the 
bottom of the joint until it has time to 
harden. The gasket of oakum prevents 
any cement from projecting into the in- 
side of the drain, and renders the use of a 
rattan and rag, with which to wipe the 
inside of joints, unnecessary. Where the 
sockets are insufficient in depth to permit 
the use of a gasket, it becomes important 
to clean the joints of cement projecting at 
the inside ; but in this case a better device 
than a rattan with rag tied to it is a strong 
handle to which is attached a semi-circu- 
lar disc of wood, of a somewhat smallei 
radius than the radius of the pipe. 

The cylindrical pipe without sockets u 
preferred by some. The joints, in thig 
case, are made by butting two pipes to- 
gether and covering them with rings or 
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collars of nnglazed terra-cotta, applying 
cement to the inside of the collar and to 
the ends of the pipes. 

Some object to the use of cement for 
drain-pipe joints, claiming that the stiiT- 
Dess of the cement joint after hardening 
will tend to break the pipes in case of a 
slight settling. They also maintain that 
some cements increase considerably in 
volume when setting, and tend to burst 
the sockets. They much prefer a ring of 
puddled clay pressed into the joint and 
wiped around it, claiming that clay will 
make a tight and more elastic joint. But 
in ordinaiy cases the settling of drain- 
pipes may be prevented by providing a 
solid foundation of either gravel, sand, or 
concrete, or, in very wet ground, boards 
or piles, as supports to the pipe. In made 
ground I should recommend the use of 
iron pipes to prevent leaky joints or break- 
age of pipes. A good Portland cement 
will not much increase in volume after 
setting, and I believe it has been shown 
that those cements which largely increase 
their volume often lose their hardness 
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;»»ter some time, and would be, therefore, 
uafit for any use. While I fully appreciate 
the advantage of a somewhat elastic joint, 
I do not think that puddled clay will 
make as tight a joint as seems desirable 
for drains carrying foul sewage. 

What is known as '' Stanford's Im- 
proved Pipe-Joint " has been used exten- 
sively of late in works of house-drainage 
in England, and its merits are such as tc 
recommend it, under certain conditions, 
for use with us. I therefore introduce i 
brief description : '^ In sewer work in bac 
or wet ground, just where a sound joim 
is most required, the difficulty of making 
it is the greatest. What is wanted, there 
fore, is a joint that will entail the leas 
disturbance of the erround, that will no 
necessitate the absolute drying of th< 
trench bottom, and that will require th( 
minimum of time, skill, and labor in mak 
ing it. These conditions will be fulfillec 
in the most complete manner by making 
the spigot of one pipe to fit mechani 
cally Into the socket of another, as in 
bored and turned iron pipe joint. Sucl 
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a mechanical fit cannot be obtained with 
stoneware or earthenware pipes, owing 
to the difficulty of preserving perfect ac- 
cnnicy of form during the procc^ss ot burn- 

ing." 

"In the Stanford joint tightness is ob- 
tained by casting upon the spigot and in 
the socket of each pipe, by means of 
moulds prepared for the purpose, rings 
of a cheap and durable material, which, 
when put together, fit meclianically into 
each other, and by makmg these rings of 
a spherical form a certain amount of 
niovement or settlement may take place 
without destroying the accuracy of the 
joint. In laying these pipes, therefore, 
all that is necessary is to insert the spigot 
of one fairly and firmly into the socket 
of another previously laid, and the joint 
is complete and pei-fectly water-tight. A 
smearing of some kind of grease is fre- 
quently found to be of advantage." 

Half -socket or access-pipes are some- 
times useful where it becomes necessary 
often to inspect the house-dram. They 
should be located cloi?e to angles, bends. 
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junction branches, running traps, etc. 
They are not much used in this counti7, 
owing, probably, to the fact that should 
the main drain run over one-half full, 
sewage may leak out through the access- 
pipes into the soil. 

Care should be taken to lay the pipes 
on a fii-m bed of sand or gravel, and if 
this is not available a concrete base 
should be provided in the trench. The 
pipes should be laid in straight lines ; all 
changes of direction should be effected 
by curves, of as large a radius as possi- 
ble, formed of bent pipes. All branches 
should join the main under an acute an- 
gle, by special Y pieces, for a right-an- 
gled junction (by a T branch) tends to 
form eddies and consequently deposits in 
the main drain. 

In laying drains care should be taken 
to avoid, as much as possible, trees. The 
roots of these are frequently found to 
penetrate and often choke the pipes, and 
are certainly a dangerous obstruction to 
the flow in the drain. If the line of the 
drain must necessarily pass near trees 
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the use of iron pipes is Fecommended. 
The coating of the pipes with coal-tar 
on their outside^ the use of asphaltuni 
for joints, and sometimes the surround- 
ing of the drain with a strong layer of 
concrete are said to be effectual protec- 
tions against roots of trees. 

I now must speak of the grade of tli9 
drain^ as this is a matter of prime im- 
portance. Upon the inclination of a pipe 
depends the velocity of the water flowing 
through it. If this velocity should be 
insufficient, deposits will occur, and the 
drain will in time become choked. Pipes 
of 4 inches diameter should have a velo- 
city of flow of from 3 to 4^ ft. per second ; 
those of 6 and 9 inclies diameter shoal'"" 
have a velocity of not less than 2^ to 3 tt. 
A velocity of 2 ft. per second should be 
considered the minimum allowable in 
house-drains. As a general rule the in- 
clination of a house-drain should bd as 
great as attainable, and must be, wlier- 
ever local conditions will permit, continu- 
ous. It is not unfrequently found by un- 
covering old drains that, in order to save 
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digging, they are laid very flat, often per- 
fectly level, from the point where they 
leave the house to nearly their junction 
with the sewer, at which place they are 
turned with a steep pitch downwards, 
and often enter the sewer at its crown. 
By distributing the whole available fall 
over the total lengtli of the drain a much 
better grade would have been secured. 

In order to lay a drain with a true 
grade, especially where the fall is little, 
a level should be used. ^J'he elevation of 
bottom of pipe, where it leaves the house 
— at a depth of not less than 3 feet in 
the New England States, as a protection 
against frost — should bo ascertained, as 
well as the elevation of the junction with 
the sewer (or else inlet to cesspool or flush- 
tank). A profile of the ground along 
the line of the drain should also be de- 
termined by levelling. Thus the proper 
available fall can be determined, with a 
little additional trouble, it is true, which, 
however, will be well repaid by securing 
a much better quality of the work. 

A fall of from 1 in 40 to 1 in 60 is de- 
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Bi'rable for pipes of 4 or 6 inchoB diamoter, 
bat this canuot always be had. I would 
consider a grade of 1 in 100 as the least 
to be given to house-drains, in order to 
keep them self-cleansing. When laid with 
such fall, and running full or half-full, 
a six-inch drain has a velocity of 3 J feet, 
a four-inch drain a velocity of nearly 3 
feet, which is sufficient to carry along 
such suspended matters as only ought to 
enter a house-drain. Where the available 
fell is less than 1 in 100, special flushing 
apparatus, such as Field's flush-tank, 
Van Vranken's flush-tank, or Shone's hy- 
<lraulic siphon-ejector, should be used. 

I have thus fully explained the right 
method of layin2 drain-pipes, because, 
even with the best plumbing inside of the 
Imuse, it IS of the greatest importance to 
have the outside drains of good (juality, 
properly laid, and properly jointed, in order 
to insure the instant removal of the waste- 
water, and also to prevent stoppages due 
to careless or imperfect workmanship. 

The next question to be considered is: 
What is the proper size for house-drams f 
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This will, of course, depend to som 
extent upon the grade of the drain, th 
size of the house and number of its oc 
cupants, the amount of water used pe 
head per day, and finally, unless the rai: 
falling upon the roof is stored in a cis 
tern, upon the amount of rain-fall to b 
carried off in a certain time. This rai 
is a most beneficial scourer for drains 
and unless the sewage of the dwelling i 
to be disposed of by irrigation, or tl) 
sewers of the town built according t 
the '^separate system," which exclude 
the rain-fall from the channels carrvin 
sewage, I should strongly advise to d( 
liver it into the same channel which cai 
ries awav the foul wastes of the habi 
tation. Even with this double pui 
pose in view the house-drain need nc 
be very large, and the closer its size i 
proportioned to the volume of water i 
must carry, the more self-cleansing wi 
it be. 

To illustrate the advantage gained b 
reducing the size of drains as much as po 
sible, or, in other words, by concentratin 
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the sewage flowing through it, I have con- 
structed tlie diagram, Fig. 1, which repre- 
sents for different depths of flow in the 
same pipe the change of velocity. It is 
evident from this diagram that the veloci- 
ty in a pipe greatly diminishes as the depth 
of the stream flowing through it decreases. 
The diaijram shows that the velocity is 
the same for drains running full or half- 
full ; it also sliows tliat tlie maximum 
velocity of flow occurs, not when the sower 
is running full, but when the depth of 
flow is about .813 of its diameter. Tlie 
maximum velocity is al)out II per cent, 
greater than that of a pipe running full 
or half full. The muxinium disciuirge, 
however, does not coincide with the maxi- 
mum velocity. The discharge is a maxi- 
mum when the depth of flow is about .05 
of the diameter. At a depth of flow of 
one-fourth of the diameter the velocity is 
only about 77 per cent, of that when run- 
ning full or half-full, and for lesser depths 
of flow it diminishes rapidly. 

For an wdinary city dtvelling a drain 
four inches in diameter is ample, even in- 
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eluding all the ram-fall. For a larger 
lot and residence a six inch drain is all 
that is needed, even if the fall should be 
only 1 in 100. As a general rule, house- 
drains have been constructed of too large 
a diameter, and one often meets with the 
objection tliat a four-inch pipe will clog 
up with ^T^iise in a short time, or will be 
obstructed by solid substances. To this, 
I answer that, in regard to grease, the only 
safe way, where it is allowed to waste, or in 
case of large boarding-houses and hotels, 
is to keep it altogether out of the drain 
(which can be easily accomplished by a 
suitable grease-trap). Grease congealing 
in a drain is sure to clog it, no matter 
how large it is made. The stoppage would 
be only a question of time, and nothing 
could be gained by postponing this inevi- 
able result. In regard to obstructions hj 
sohd matters, I may assert that nothing 
which passes through the strainer of a 
sink or from the water-closet bowl can 
possibly obstruct the drain. What may 
enter through the carelessness of servants, 
or of the householder, such as '^sand. 
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shaviDgSy sticks, coal, bones, garbage, bet* 
ties, spoons, knives, forks, apples, pota* 
toes^ haj, shirts, towels, stockings, floor- 
cloths, broken crockery, etc./* to quote 
from Mr. J. Herbert Shedd's Report on 
the Sewerage of Providence, cannot right- 
fully be expected to be carried away in a 
drain.* To guard against such obstruc- 
tions the drain should be made accessi- 
ble, especially near bends, junctions, and 
the main trap. 

The following useful table, calculated 
by Robt. Moore, Esq.^ C.E., from Weis- 
bach's formula for flow of water through 
open culverts, gives the size and velocity 
ia house-drains, laid at different inclina- 
tions, and for various sizes of lots, the 
rain- fall being 2 inches per hour, and the 
pipes running f full. It sliould be said 
that the smallest sizes of the table (below 
3 or 4 inches diameter) are given only for 
the sake of completeness, and not as sizes 
to be recommended for actual use. 

Take, for example, an ordinary city lot 
of 25 X 150 ft. = .0861 acre. The rain- 
fall to be provided for may be % mc\\^^ 

*See the author's book on " The DisposaY ol 'H-ovvsr*- 
Aold Wastes. " 
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per hour. Though such storms are not 
frequent, provision should be made for 
them in the calculation of the size of 
house-drains, as the rain falling on roofs 
and on paved yards reaches the drain very 
soon after having fallen. A rain-fall of 1 
inch per hour per acre very nearly yields 
1 cubic foot per second, therefore 2 inches 
per hour give 2 cubic feet per second per 
acre. The number of cubic feet of rain 
from the above lot is therefore .0861 x 2 
= .1722 cubic feet per second, or 60 x 
.1722 = 10 332 cubic feet per minute. 

We f?irther assume 6 persons to the 
house, and a consumption of water of 75 
gallons per head per diem, which is a very 
liberal allowance. The waste-water of the 
house is therefore 6 x 75 = 450 gallons 
per day. If one-half of this amount is 
estimated to run off in 8 hours, the maxi- 
mum per hour would be about 28 gallons, 
or .0624 cubic feet per minute. This 
quantity is so insignificant compared with 
the rain-fall that we may safely neglect it. 

Should the drain be allowed to run 
three-quarters full, and have a fall of 1 in 
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100, a diameter of 3| inches would suffice, 
according to above table. 

As a second example, I shall take a 
large lot, say 80 x 150 feet = .2755 acre. 
The quantity of rain to be discharged will 
be, under the same suppositions as above, 
2 X 60 X -2755 acres = 33.06 cubic feet 
per minute. For a di-ain running J full 
the table gives the necessary dianieier = o^ 
inches. 

For a convenient graphical exhibit of 
the relation between inclination, size, ve- 
locity, and discharge of drains iind sewers 
see the author's ** Diagram for Sewer Cal- 
culations," 1881, N. Y. 

The foregoing explanations have, I be- 
lieve, sufficiently proved that 7io house- 
drain needs to he larger than six inches 
under ordinary circumstances, wliile in 
most cases a 4-inch pipe will fully answer 
the purpose. Any increase of size would 
tend to be a detriment rather than a bene- 
fit. 

DBAIlfS INSIDE OF THE HOUSE. 

The earthenware drain should end at 
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about 5 to 10 feet outside of the founda- 
tion-walls of the house. From this point 
towards the inside of the house the drain 
should be of iron. The joint between iron 
drain and earthenware pipe should be 
made with pure hydraulic cement. Where 
the iron pipe passes through the wall a 
relieving arch should be built over it. 
Settlement of walls often occurs, and is 
liable to crack the pipe or even break it, 
unless the above provision is carried out. 
It is quite evident th-r,, under no circum- 
stances whatever, this part of the house- 
drain should consist of vitrified pipe. 

Important as it is to liavo the drains 
outside of til® house free from sediment 
or leakage, it is still more so to have all 
the pipe-joints inside of the dwelling per- 
fectly air iind water tight, for if any de- 
fect should exist here sewer- air will leak 
into the cellar and pervade the whole 
liouse. Fur this reason we sometimes 
find the cardinal rule laid down that no 
drains should run under a liouse, but 
should be taken outside of it as soon as 
possible. This is not practicable, as a 
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general rule, in the case of narrow city 
lots. Fortunately, however, we can, with 
perfect safety, run the drains across the 
basement or (cellar- floor of a dwelling, 
provided we choose the only safe mate- 
rial— i.^., heavy iron pipes. A good nie- 
clianic is able to make with thcric a per- 
fectly air and water tight joint. The de- 
tails of iron pipes will be discussed under 
the heading of soil and waste pipes. 

The best course of the iron drains in 
the house is along the ceiling of the cel- 
lar or along one of the foundation-walls. 
In other words, wherever practicable, the 
iron drain ought to be kept in sifjhf, in 
order to enable anybody to detect a leaky 
joint at occasional insi)ections. Some- 
times fixtures located in the collar, such as 
servants' water-closets, hiundry-tubs, or 
sinks, make it necessarv to lav the iron 
drain below the cellar-tloor. In this case 
It maybe laid with proper fall in a trench, 
the sides of which are walled with brick, 
work, and the base of which should con« 
sist of a layer of from 4 to 6 inches of con- 
crete, thoroughly rammed and properly 
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graded. The trench should be made ac- 
cessible by closing it with movable covers 
of iron or wood. In no case should a 
drain below the cellar-floor be left inac- 
cessible. If such a trench is cot provided, 
proper manholes or inspection openings 
must be placed over all junctions, near 
traps, bends, and, where the drain is very 
long, at suitable intervals in the straight 
run of the drain. 

If the drain is carried in sight, I much 
prefer supporting it by brick piers, where 
the ground is solid and not liable to "set- 
tle," instead of suspending it by iron 
hangers from the main joists of the floor 
above. For with the latter arrangement 
a slight lowering or bending of the beams 
supporting the iron drain would tend to 
loosen the joint between the water-closet 
trap and soil-pipe, as the latter is rigidly 
connected with the drain, thus creating a 
source of danger from leakage of sewer- 
air. 

This is especially true of water-closets 
having a trap above the floor. The danger 
can be avoided by supporting the water- 
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closet on a base in rigid connection with 
the soil-pipe and entirely independent of 
the floor. This is done in the Durham 
system of house-drainage (see page 53). 

As regards the proper inclination of iron 
drains iu the cellar, the rules given for the 
outside drains should be observed. 

The principles stated for the size of the 
outside drain apply with equal force to the 
inside drain. If no leaders enter the drain 
at its upper end or along its course through 
the house, a 4-inch pipe is ample for any 
ordinary-sized dwelling; a 6-inch drain is 
very seldom reqnired. 

As a good precaution for cases of re- 
pairs or obstructions of the drain, I 
would recommend to insert at distances 
of about 10 or 20 feet along the course of 
the iron drain, and especially at all changes 
of direction, Y or T brandies, the ends 
of the branches being closed by a brass 
thimble caulked into the hub of the Y, 
and closed by a trap-screw, or else tlie use of 
handhole fittings closed with steam-plugs. 
By opening these and inserting a pro- 
per cleaning tool occasional obstructions 
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through introduction of foreign matters 
are easily removed. 

The course of the main drain in the 
cellar slionld be as straight as possible. 
All changes of direction should be made 
by easy bends. All junctions with the 
main drain should be made by Y branches, 
in order to join the flow of both pipes 
without causing eddies ; no right-angled 
junction should be made in any hori- 
zontal or inclined pipe. 

SOIL AND WASTE PIPES. 

Into the iron drain the vertical soil 
and waste pipes enter by means of either 
quarter bends or by a Y branch with an 
eighth bend.* 

♦As rt'frards the exact moaning of the terms drain-pipe, 
soil-pipe, and waste-pipe, I quote the following clear ex- 
planation from the Sardtanj Engimir. vol. 4: "The draiu- 
age system of a house, including the pipes or channels 
of any kind connecting it with the sower or cesspool, may 
be divided into two i)arts — first, that part which is chiefly 
outside the house-walls, and, second, that which is generally 
inside the house. The first is called the hoiise-drain, or 
simply drain, and conveys the whole body of waste from 
the house, including both the discharges from water-closets 
and urinals, and from baths, basins, sinks, etc., to the 
sewer or cesspool. Tho drain is practically horizorUal, 
and may be considered as terminating cither at the hoose- 
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The soil and waste pipe system is con- 
structed either in lead or in iron, lead 
pipe being preferred in England, while in 
this country cast-iron and wrought-iron 
pipes are used almost exclusively. 

All cast-iron pipes used in house-drain- 
age should be thoroughly sound, of a uni- 
form thickness throughout, and must al- 
low of ready cutting without splitting. 
The inside should be truly cylindrical 

wall or at the most remote point at whicli it niceives tiie 
pipes froiu any fixturcH, Tlie word drain it*, however, also 
used ill another senne a8 dintin^nished from newer. It then 
means the pii>e or channel which conveyt* only rain or jin"onnd 
water as distinguished from sewajje. An example of this 
kind of drain is the separate system of pii)€s used to con- 
vey only rain-water in some towns, and the tile pipe com- 
monly employed in draining wet landn. 

"That part o1 the house -draina'j;e syntem which is <;enoral- 
Jy inside the house, including the pipes from the various fix- 
tures, is made up of (mi-jnp^x and ?r(isft-p>p'-y. Soii-pith-g 
are those pipes which receive hmnau excreta from water- 
closets and urinals, and thuy are still called soil-pipes even 
if they also receive the waste water from baths, basins, etc. 
On the other hand, waste-pipes are those which receive (mUj 
the waste water from these latter, but not the dlscharj^e 
from water-closets and urinals. The ?rff^^-plpe8 of a house 
may either enter the house-drain indepei.dently or join the 
wU-pipe first and discharge their contents through it into 
the drain. As distinguished from the drain the soil-pipes 
and wcute-pipMf at least for the longer lengths, are generally 
vertical." 
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and of smooth finish. The thickness of 
ordinary (so-called light) soil-pipe is about. 
\ of an inch for %, 3^ and 4-inch pipes^ 
and ^ to -]^ of an inch for 5 and 6-inch 
pipe. 

The only merits of this pipe are its 
light weight, making it easy to handle, 
and its cheapness. Its greatest objection 
is its liability to breakage and the fre- 
quent splitting of its hubs if a joint is 
being caulked. Not only for all large 
public or private buildings, but in every 
instance where sound and permanent 
work is expected, extra heavy soil-pipe 
should be used, which is about double 
as thick as the ordinary pipe. ♦ 

The weights of extra heavy pipe are 
aboufc as follows : 

2 inch pipe, 5^ lbs. per foot. 

3-inch pipe, 9^ lbs. per foot. 

4-inch pipe, 13 lbs. per foot. 

5-inch pipe, 17 lbs. per foot. 

6-inch pipe, 20 lbs. per foot. 

Great care should be exercised by plumb- 
ers, plumbing inspectors, architects, and 
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sanitary engineers in regard to obtaining 
iron soil-pipe of a uniform thickness. 
The writer has frequently seen speci- 
mens of^ extra heavy soil-pipe in which 
the pipe was almost as thin as a knife- 
blade on one side, while it had far more 
than the required thickness on the other 
side, the weight being as 8i>ecified. Drain- 
pipes should be cast over-end same as 
gas and water pipes are, not in a lying 
position, to insure a perfect uniformity in 
the thickness of the shell. Measuring 
the thickness of iron drain-pipes by a 
pair of calipers should be recommended, 
but I am not aware that it is done at all 
now. 

Iron soil-pipe, the inside of wliich has 
been made smooth by dipping the pipe 
into a hot solution of coal-tar pitch, is su- 
perior to ordinary iron pipe. This coat- 
ing applied to the outside of tlie pipe 
forms a good preventive against rust or 
corrosion. 

Where economy is no object, the eji- 
amelled pipe may be used, which has a 
very smooth inside surface, thus securing 
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to well-flushed soil-pipes the greatest pos- 
sible cleanliness. Whether iron pipes are 
coated with coal-tar pitch or enamelled, 
it is necessary, before applying either of 
these protective coats, carefully to test 
each pipe for defects, sand-holes, or cracks, 
by the hammer test. The coating may 
effectually cover these defects and render 
detection difficult. 

Cast-iron pipes for drainage purposes 
are usually manufactured in lengths of 
five feet, with a hub and a spigot end, or 
else with double bub. It is, however, 
very desirable that such pipes should be 
sold in longer lengths, thus necessitat- 
ing fewer joints, and therefore less risk 
from leakage of sewer-air. 

The iron-foundries manufacture not 
only straight soil-pi })e, but a large num- 
ber of fittings, such as quarter bends, 
eighth bends, sixth bends, sixteenth 
bends, T branches, Y branches, double Y 
branches, half Y branches, .offsets, sing[le 
and double hubs, increasers, reducers, etc., 
to enable the plumber to make all possible 
connections and lines with iron pipe. 
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The use of wrought-iron for soil-pipes 
is of a more recent origin, although some 
architects have for many years made use 
of plain wrought-iron pipes for vent- 
pipes, and, in a few instances, for wasto- 
pipes. 

In the Durham system of house-drain- 
age wrought-iron is used exclusively for 
all pipes above ground, whether drain, 
soil, \^aste, leader, or air ])ipe8. To i)re- 
vent corrosion the wrought-iron pipes are 
immersed, while hot, in a tank of hot 
liquid asphalt ; oceasioniilly the pipes aro 
enamelled on the inside with the white 
porcelain enamel, or inside and outside 
with the black enamel of the Providence 
Enamel Co. It is quite likely that, in 
case the Bower- Barf! rustless process 
should be more developed, all wrought- 
iron pipes will be protected by it against 
corrosion. But even the coating of as- 
phalt um, if properly put on, will effectu- 
ally prevent rusting, certainly as much 
on wrought-iron as it will on cast-iron 
pipes. 

By using the standard wyov\^\^-\^ow. 
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lap-welded, coated steam-pipe in works 
of house-drainage one great desideratum 
is ejisily attained — i.e., tight joints. For 
screw joints in steam-pipes can easily be 
made sufficiently tight to stand a heavy 
internal pressure, such as, for instance, 
the pipes are subjected to by testing them 
with a force-pump and a manometer, 
or by the water-pressure test. An- 
other advantage which wrought-iroji pipe 
offers is the lesser number of joints re- 
quired. For steam-pipe comes in lengths 
up to twenty feet ; they can be cut ac- 
cording to measurements so as to run 
from floor to floor without intermediate 
joints. 

A further point in favor of such pipe 
is its uniform thickness, its great strength, 
and the fact that every length is tested at 
the mills by hydraulic pressure. 

In the words of the inventor of the 
system, C. W. Durham, Esq., O.E.: 
'* Wrought-iron pipe is elastic, and cannot 
he broken. Its extreme fitness for the 
purposes of house-drainage ought to have 
been recognized years ago. When lengths 
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are screwed together in a wrought-iroa 
eoupling the joint is as strong as any other 
part of the pipe, and they will stand up 
vertically from a solid base to the height 
of any building without lateral support." 
... "By the use of wrought-iron pipes 
and screw-joints we construct a * drainage 
apparatus' within the building which is 
gas and water tight as regards the joints ; 
rigid, yet elastic ; entirely independent of 
walls or floors for support, and absolutely 
invulnerable. As a structure it will last 
as long as any building will stand, wifh- 
out any outlay for repair s.^^ 

In the use of wrought-iron pipes con- 
sists the chief departure of the Durham 
system of house-drainage from the plumb- 
ing work as ordinarily put up. There are 
other points, however, of equal impor- 
tance. 

In this connection it should be men- 
tioned that for all drains under the ground 
the Durham system uses cast-iron pipes — 
not ordinary, nor extra heavy plumbers' 
pipe, but heavy gas-pipe, such as used for 
gas-mains in streets. This comes from the 
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foundry in lengths of twelve feet, conse- 
quently there are fewer joints, and these 
are gas and water tight, as the hubs or 
bells of such gas-pipe are made very 
heavy, being designed to withstand con- 
siderable knocking of the caulking tools 
to make a joint which will prevent leak- 
age of illuminating-gas. Of course, the 
cast-iron pipe is coated by Dr. Angus 
Smith's process for protection against 
rust, and is always tested by the applica- 
tion of hydraulic pressure before leaving 
the foundry. 

All fittings used in the Durham sys- 
tem of house-drainage are '^ special" fit- 
tings coated with asphaltum. Those for 
wrought-iron pipe are entirely different 
from standard steam-fittings ; these latter 
present interior recesses or depressions 
which would be apt to collect soil, hair, 
etc., while the Durham fittings.are tapped 
with a shoulder. When the wrought-iron 
])ipe is screwed home the inside of pipe 
and fittings are practically even. 

In addition to the fact that all upright 
pipes without large offsets are erected free 
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from walls or floors without lateral sup- 
portj it should be mentioned that in tliis 
system water-closets are supported, if 
near a vertical pipe, directly from the soil- 
pipe, independently of the floor; tiiey are 
secured to the cast-iron fitting, u|)<)n 
which they rest, by set screws whicli 
clamp the flange of the closet, or else by 
brass clamps. Any settlement of thy 
floor cannot, therefore^ affect the integrity 
of the joints. Water-closets at a distance 
from the soil-pipe are supported on a 
branch which connects to the soil-pipe by 
a flexible joint. 

According to one of the best Enolisii 
authorities on plumbing,* the advantages 
claimed for lead pipe are briefly as fol- 
lows : 

1. It is smoother, cleaner, not so cor- 
rosive, more durable. 

2. It can be bent to suit any position ; 
it is more compact. 

3. Its joints are more to be depended 
upon than iron-pipe joints. 

♦ S. Stephens HeUyer, "The Plumber and Sanit*"^ 
Hoaees," second edition. 
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4. Urine, being very corrosive, acts 
more on iron than on lead. 

5. Iron pipe rusts on the outside, and 
painting iron pipes, to prevent it, is ex- 
pensive, and is generally not done tho- 
roughly at the back of the pipe. 

6. Lead branch wastes or traps cannot 
easily be joined to iron pipe. 

7. Iron pipe does not allow caulking 
joints with lead, therefore cement is used 
for the joint. 

From all this I disagree ; for : 

1. Tarred or enamelled iron pipe is 
fully as smooth as lead pipe, and the iron 
pipe is thereby well protected from cor- 
rosion. Making iron pipes rustless by the 
Bower-Barff process is likely to prove 
still more effective. • 

2. The above-enumerated variety of 
special fittings enables the plumber readily 
to adapt his iron pipe to almost any posi- 
tion ; moreover, I do not see why iron 
pipe should take up a great deal more 
room than lead pipe of same bore. 

3. Well-caulked joints of heavy cast- 
iron pipes, and well-made screw-joints in 
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wrought-iron pipes^ are jast as sound and 
trustworthy as wiped joints in lead pipes, 
and any good mechanic is able to make 
them. 

1 Urine does not corrode an iron soil- 
pipe, protected by a coal-tar pitch solu- 
tion or by enamel, more than a lead pipe. 
Iron made rustless by the Bower-Burff 
process appears, from recent investigations 
made in France, to be unaffected by urine. 

5. The outside of iron pipe can bo 
efficiently protected from rusting by paint, 
coal-tar pitch, or enamel. 

6. Lead cannot be caulked into iron, 
but a good plumber always solders a brass 
ferrule by a wiped joint to the lead j)ipe 
(or trap), and caulks the brass ferrule 
into the hub of the cast-iron pipe; lead 
pipe is joined to wrought-iron by means 
of brass screw- nipples. 

7. Any one who will take the trouble 
carefully to examine the joints of irv)n 
pipe made by an honest and conscien- 
tious plumber will readily admit the pos- 
sibihty of making tight joints with iron 
pipe. Iron pipe of a sufficient strength 



56 



to withstand the knocking occasioned I 
caulking the lead should, of course, on] 
be used in good plumbing work. 

But, while iron pipe is fully equal i 
all the above respects to lead, it has gret 
advantages over it. ^' Lead soil-pipes ai 
very heavy, and, therefore, liable to sa 
and split open, to have holes eaten int 
them bv rats, and have nails driven int 
them by carpenters, and also to corrode 
and th'.y require much greater skill t 
put up, and involve more expense ; there 
fore the statements of Hellyer prove nc 
thing, although they demonstrate the al 
surdity of bricking soil-pipes into a wall 
and the necessity of so placing tiiem tha 
they are at all times readily accessible fo 
inspection ; and also prove, what few pec 
plo seem to realize, that tlie drainag 
system of a house requires periodical tesi 
ing and inspection just as much as 
steam-boiler or piece of machinery/' * 

Soil-pipes should not, as a rule, b 
larger than four inches inside diameter 

* See articles on '* Plumbing Practice " in the Sanitof 
Engineer, vol. iv. 
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this size will answer for half a dozen or 
more water-closets on one Ycrtical stack 
of pipe. From a late account of the 
sewerage of the city of Pulliniin, near 
Chica<?o, I learn that several hundred hoII- 
pipes of 3-inch bore were used in tlie 
houses, and, "in the case of tlireo-story 
flats, one pipe frequently has six closets 
connected to it." Very few instances of 
stoppage occurred, and these were always 
"due to obstructions that got in during 
construction, and never to the use of a 
small-sized pipe." Such a reduction of 
the size of soil-pipes will undoubtedly in- 
crease the danger of " siphonageof traps," 
and for this reason it is hardly safe to use 
soil-pipes smaller than four inches inside 
diameter. 

Waste-pipes of iron should be IJ or 2 
inches in diameter. This is anii)le for 
the waste water of one or more bath tubs 
and a large number of wash-bowls. 

I may here remark that, contrary to 
the generally entertained opinion, a near- 
ly horizontal or inclined pipe can be kept 
clean by flashing much easier than a ver- 
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tical pipe. The flushing water in this 
latter case soon assumes a whirling mo- 
tion, and the scattered drops fall down- 
ward without exerting much scouring 
action upon the interior of the pipe. 
Hence the importance of having the in- 
side of soil and waste pipes as smooth as 
possible to prevent solid matters from ad- 
hering to the sides, where hardly any. 
amount of flushing will take them off. 

The arrangement of soil and waste 
pipes should be as direct as possible. It 
is desirable that each vertical stack should 
extend from cellar to roof in a straight 
line. In planning the plumbing for a 
dwelling too much care cannot be taken 
to secure such an arrangement. Every 
offset, every bend in the pipe, forms an 
obstruction to its proper flushing, with 
both water and air. Horizontal soil-pipes 
are especially objectionable ; the water- 
closets, baths, bowls, and sinks should 
always be located in groups, and as near 
to their respective pipes as possible. 

It is desirable to run soil-pipes and 
waste-pipes in sight, so that they may be 
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accessible. I decidedly condemn the usual 
plan of arehitects of building recesses or 
niches in the walls for pipes. The diffi- 
culty of caulking the back part of pipe- 
joints in this position is very great. 
Where objection exists to having the 
pipes in sight, they should be boxed up, 
but I would always insist upon having the 
cover fastened by screws, which can be 
easily removed, and not by nails. 

Cast-iron soil and waste pipes should 
be supported at distances of not over five 
feet by strong iron hangers or hooks. 
The wrought-iron soil and waste pipes 
Qsed lately in the Durham system of 
house-drainage are erected free from 
floors or walls, if the pipe runs up in a 
straight line, by simply providing a strong 
support at the base of each stack. The 
pipe is thus rendered entirely independent 
of any settlement of the building. 

Branch pipes should enter the vertical 
stack by means of a Y or half-Y branch, 
wherever possible ; a nearly right-angled 
junction, by a graded T branch, is not 
objectionable here, as in the case of hori- 
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zontal or inclined pipes^ and is mach 
more easily placed in proper position. 

In badly-drained houses, with cheap 
plumbing work, it is not uncommon to 
find the joints of pipes made only with. 
Hjind and paper, or with putty, mortar, 
cement, sulphur and pitch, and red lead, 
01* other material. All of these joints are 
worthless and extremely objectionable. 

Joints m cast-iron pipe should be made 
l)y first inserting a little picked oakum 
into the socket, care being taken that no 
]Kirt of this gasket enters the pipe. The 
oukum prevents the molten lead from 
running into the pipe, where it might 
form an obstruction to the flow. Molten 
lead is then poured into the hub, enough 
(juite to fill it. As lead shrinks in cool- 
ing, it must afterwards be carefully ham- 
mered with a special caulking tool, thus 
filling the space between spigot and hub, 
so as to make a ])erfectly gas and water 
tight joint. In order to be able at all 
times to inspect the joints, it is a good 
pra(;tice to leave the caulked lead without 
a cover of paint, cement, or putty, the 
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marks of the caulking tool being thus left 

exposed to view. 
A tight joint can also be made with a 

mixture of sal-ammoniac, iron filings, and 

sulphur. Such **rust joints," however, 

are not much used for 8oil-i)ipes, but they 
are frequently adopted for pipes serving 
as a steam blow-off, in which case caulked 
lead joints cannot be relied upon. Caulk- 
ed joints in soil and waste pipes are also 
affected to some extent by extreme clianges 
of temperature, such as occur if hot 
and cold water are alternately discharged 
through a pipe. 

Where wrought-iron is used for soil 
and waste pipes, the joints are screw- 
joints, and are made tight, as in steam- 
fitting work, by screwing lengths of pipe 
into couplings or fittings, as the case may 
be, by means of a pair of cliaiii pipe- 
tongs, and using a paste of red lead on 
the threads. 

When all the iron piping in the house 
is completed the tightness of the joints 
should be thoroughly tested before con- 
necting the fixtures. The test which is 
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usually applied is the '^ water-pressure 
test/' The end of the iron pipe outside of 
the foundation-walls is tightly closed by a 
wooden plug, or, better, a disc of india- 
rubber, which can be squeezed between 
two iron discs. All branches of soil-pipes 
and waste-pipes are similarly closed. The 
pipes are then filled with water, which 
must stand in them for some time. If 
the subsequent inspection shows a lower- 
ing of the water level, there must be a 
leak at some joint, or else some defect 
exists in the iron piping. Of course the 
leak must be found and repaired, and the 
test should then be repeated until all 
joints are water and air tight. 

An equally reliable ])ressure test is 
made by using a foree-j^ump and a mano- 
meter. 

For occasional inspections of old plumb- 
ing work, and in making sanitary exami- 
nations of lionses, the ** pei)permint " and 
the ** smoke'* test become useful. The 
peppermint test is thus described: "When 
called on to detect a leak in the soil-pipe 
of a house, the plumber goes at once to 
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the roof, if the soil-pipe be carried above 
the roof ; if not, he goes to tlio upper- 
most water-closet, and pours into one or 
the other something like an ounce of 
peppermint, and follows it up with enough 
water to insure its being carried the full 
length of the soil-pipe." (The top of soil- 
pipe should be closed, in order to prevent 
the oil from escaping into the outside air.) 
''Another man then traces the soil-pipe 
from the bottom throughout its course 
knowing that if there is any crevice 
throusch which sewer-air can enter the 
pungent odor of the volatile essential oil 
will be readily perceptible, even in the pre- 
sence of odors of a baser kind. Great 
care must be taken not to carry the pep- 
permint about the house, otherwise the 
smell cannot be traced to the drains." 

Captain Douglas Galton describes an- 
other test thus : **To test the drains the 
fumes of ether or of sulphur may be 
used. If ether is poured down a soil-pipe 
the fumes will be perceptible in the house 
at any leaks in the soil-pipe or failures in 
the traps. Sulphur fumes may be ap- 
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plied by putting into an opening made in 
the lowest part of the drain an iron pan 
containing a few live coals, and throwing 
one or more handfuls of sulphur upon 
the coals, and closing up the opening to 
the drain with clay or otherwi.se. The 
fumes will soon be very perceptible at 
any leaks or rat-holes in the soil-pipe, 
drains, or traps." 

The connections between fixtures and 
the soil or waste pipes are made with lead 
pipe, which can easily be handled, and 
may be bent and cut to suit all possible 
positions, and requires but few joints. It 
is manufactured in long coils, of all sizes 
and of any desired thickness. In good 
plumbing work only lieavy drawn lead 
pipe should be used, to prevent its being 
quickly destroyed by the corrosive action 
of sewer-air. It is desirable that lead 
pipe should be used as little as possible 
in concealed places, as it may be gnawed 
by rats or split by nails through careless- 
ness of carpenters. 

It is not uncommon to find vertical 
•waste-pipes of lead, as these are easily 



65 



placed inside of a partition and covered 
with plaster. But this cannot be regard- 
ed as good practice ; iron for waste-pipes 
is decidedly to be preferred. Occasionally 
a smell of sewer-air can be traced, after 
diligent searching, to a picture-nail driven 
into a lead vent-pipe concealed behind 
the plaster of a room. 

Vertical lines of lead pipe should be 
fastened to boards by soldering hard 
metal tacks to the pipe and screwing the 
flanges of the tacks to the board. Hori- 
zontal lines should be continuously sup- 
ported on boards between joists. 

Lead pipes should be joined by what is 
called a " wiped joint." The end of one 
pipe is flanged out so as to form a cup, 
into which the other pipe, the end of 
which should previously be sharpened, is 
introduced. Hot solder is then applied 
to the joint, and wiped around it so as to 
form an oval lump. 

Where lead pipes are joined to east- 
iron pipe, the connection should be effect- 
ed by means of a brass ferrule of the 
same bore as the lead pipe, and soldered 
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to it^ wherever space allows, by a wiped 
joint. The ferrule is iutroduced into the 
hub of the iron pipe^ and caulked tightly 
with a gasket of oakum and molten lead. 

Where lead pipes join wrought-iron 
pipes a brass screw-nipple is used, tightly 
screwed into the soil-pipe fitting, and join- 
ed to lead pipe by means of a wiped joint. 

The size of lead waste-pipes should be 
as small as is consistent with the ofiSce 
which they have to perform. Wastes for 
bath-tubs or laundry-trays shotxld be suf- 
ficiently large to empty these vessels in a 
short time. It is highly desirable that 
the basin, sink, and wash-tray couplings 
connecting the fixtures with the waste- 
pipes should be made with a larger water- 
way than those at present in the market. 
A funnel-shaped coupling, the top being 
wider, would seem advantageous, as in that 
case a larger quantity of water would be 
delivered down the waste-pipe, which 
would thus aid in scouring the trap 
under the fixture. 

The following sizes of waste-pipes for 
fixtures may be recommended : 
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Inches diameter. 

For one wash-basin li-li 

For a row of wash-basins 1^2 

For wash-basin overflows li-li 

For one bath-tub U-3 

For bath overflows H 

For a row of bath-tubs, likely to be used 

at once 2-3 

For wash-tubs, each tub 1^ 

For a set of tubs 2 

For kitchen-sinks 1^-2 

For pantry-sinks ... U-H 

For slop-sinks 2-3 

For one urinal li 

For a row of urinals 2 

Local conditions— for instance, unusu- 
ally heavy water-pressure in the supply- 
pipes — may sometimes demand a deviation 
from these sizes. 

The weight of lead pipe should be 
about as follows : 

1}^ inch pipe 2 lbs. per foot. 

1% ** •* 3 ** 

2 << (< 5 (( ti 

ESSENTIAL ELEMENTS OF A SYSTEM OP 
HOUSE-DRAINAGE. 

We have thus far considered only the 
material, size, general arrangement, and 
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causing sewer-air to escape at open fire- 
places into the rooms. 

The extension of soil and waste pipes 
should terminate at a distance from any 
windows, louvred skylights, or ventilating- 
flues, and at least two feet below the top 
of the nearest chimney. It is desirable 
to have this extension as high as possible 
above tlie roof, so as well to expose the 
mouth of pipe to the influence of air-cur- 
rents. In order to prevent any obstruc- 
tion of the soil-pipe, phimbers often cover 
the mouth with a return bend. This, 
liowever, is objectionable, as it interferes 
with proper ventilation. Less bad is the 
plan of capping the soil-pipe with a suit- 
able fixed cowl, such as, for instance, Em- 
erson's or Wolpert's ventilator. The best 
plan seems to be to do away entirely with 
any cover to the soil-pipe mouth. Capt. 
Douglas Galton, in his book, '' Construc- 
tion of Ilealtliy Dwellings," says in regard 
to this question : '' A tube or shaft with 
an open top <icts best. It is, however, ne- 
cessary to protect the top, to prevent rain 
from entering the tube ; but a cover tends 
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a ready outlet for all gases that would 
otherwise tend to accumulate inside the 
pipe system. In the case of soil-pipes, 
nothing short of an extension the full bore 
of the pipe will answer this purpose. It 
has been proposed, of late, to enUirge the 
soil-pipe from the highest floor to the 
roof to six inches diameter, in order com- 
pletely to prevent any stagnation of air in 
the pipe. Waste-pipes should be enlarged,, 
from the point where they pass through 
the roof, to four inches diameter, as small- 
er outlets are liable, in cold climates, to 
become obstructed by tlie freezing of con- 
densed vapor. Plumbers sometimes use 
galvanized sheet-iron or even tin pipes of 
small diameter for this extension, but this 
is decidedly bad practice. It should be 
of the same material as the main soil- 
pipe, and its joints should be worked 
with equal care. 

To run the upper part of a soil or waste 
pipe into a chimney-flue is a practice 
which must be decidedly condemned. 
Bricks readily absorb sewer-air. There is 
at times a reversed draught in such flues,. 
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other words, the upward suction in a tube 
without any cowl is in the average equiva- 
lent to over f ,of the force of the wind, 
blowing over it in a horizontal direction. 
For pipes capped with Wolpert's new cowl 
it is only a little more than i of the wind 
force, and for the old cowl it is ^ of it. 
As an average for other directions of the 
wind Wolpert finds the upward draught in 
pipes covered with his new and old cowls 
to be 51.5 per cent, and 34.5 per cent., re- 
spectively, of the wind force.* 

The result of an elaborate series of 
about one hundred experiments upon ven- 
tilating cowls, made on seven different 
days, at different times of the day, and 
under different conditions of wind and 
temperature, by Messrs. W. Eassie, Rogers 
Field, and Douglas Galton, was as follows : 

♦ The current of air in these experiments was created by 
a powerful fan, the velocity of the current varying from 8 
to 31 metres per second (from 17.9 to 69.3 miles per hour), 
equivalent to high winds and hurricanes respectiviBly. The 
diameters of the cowls tested varied from 787 to 3.987 
inches. It is to be regretted that the author did not extend 
his experiments so as to include much smaller velocities of 
current. It is very likely that for the latter the percentage 
of useful effect of cowls would be much smaller. 
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"After comparing the cowls very care- 
fully with each otlier, and all of them 
with a plain, open pipe as the simplest 
and, in fact, only available standard, the 
sub-committee find that none of the ex- 
haust-cowls cause a more rapid current of 
air than prevails in an open pipe under 
similar conditions, but without any cowl 
fitted on it. The only use of the cowls, 
therefore, appears to be to exclude rain 
from the ventilating-jupes ; and as this 
can be done equally, if not more efficient- 
ly, in other and similar ways, without di- 
minishing the rapidity of the current in 
the open pipe, the sub-committee are un- 
able to recommend the grant of the medal 
of the Sanitary Institute of Great Britain 
to any of the exhaust-cowls submitted to 
them for trial." 

FEESK-AIR INLET. 

The second requirement calls for a fresh- 
air inlet or fresh-air pipe. This is no less 
important than the extension of the soil- 
pipes through the roof. In order to ef- 
fect a constant movement awd c\v^w^<i ^1 
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air in the pipes, two openings are required, 
an outlet and an inlet. The extension of 
the soil-pipe through the roof provides 
only an escape for the foul air generated 
in the soil-pipes and waste-pipes through 
the decomposition of foul organic matter, 
clinging to the interior of pipes and lodg- 
ing in traps under water-closets and fix- 
tures. But in order to oxidize and thus 
render harmless this matter undergoing 
putrefaction within the pipes, a constant 
introduction of fresh air from the outside 
atmosphere is necessary. As the soil-pipe 
is warmer in winter- time (being in the 
constantly-heated house) than the fresh- 
air pipe located outside of it, an almost 
continuous upward current in the soil- 
pipe results. In summer-time this cur- 
rent is only seldom reversed; for as a 
general rule the top of the soil-pipe is 
heated by the sun more than the fresh- 
air pipe near the ground. 

There is a second and almost equally 
important reason for providing a fresh-air 
inlet wherever the third requirement, the 
trapping of the drain, has been complied 
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with. If a water-closet is used or a pail 
emptied into a slop-sink^ tlie water dis- 
charged into the 8oil-i)ipc acts like a pis- 
ton; although it is not likely to fill a 4- 
inch pipe, it certainly carries the air on 
its coarse downward with it by friction. 
Thus the descending water drives air be- 
fore it and out through the fresh-air pipe ; 
if this had not been provided it would 
very likely force the nearest traps under 
fixtures, and send a puff of sewer-air into 
the living-rooms. This reversed action 
of the fresh-air inlet does not occur suf- 
ficiently often to warrant the apprehen- 
sion of any danger in the location of the 
inlet. Of course it should not be too 
near under windows of living-rooms or 
dormitories, nor should it be placed too 
near the front steps of a city house. A 
little judgment should be exercised in lo- 
cating the fresh-air inlet. In cities hav- 
ing between the house and the street a 
wide parking it is best to build in this a 
small manhole, at the bottom of which the 
trap and opening for fresh air are located. 
The top of the manhole should then 
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he closed with a cover, having niimeroxis 
•openings so as to permit the outer air to 
'enter the drain freely, and also to pre- 
vent as much as possible obstructions by 
snow or ice in winter-time. For this rea- 
son it cannot be recommended to open 
the fresh-air pipe into a gully in the side- 
walk, or in the floor of an area. Equally 
objectionable is the location of the fresh- 
a;ir pipe in a coal-slide. It seems best to 
€arry the fresh-air pipe some distance 
:away from the house, and this is always 
practicable in the case of country houses, 
where the fresh-air pipe should prefer- 
ably be hidden from view by shrubbery. 

If tlie main trap is located inside the 
founchition-walls, the fresh -air pipe should 
enter the drain just above the trap by a 
T or Y branch. Only in rare cases does 
it become necessary to carry the fresh-air 
pipe vertically upward through the roof. 
This plan would neither be very efficient, 
as the difference in temperature of inlet 
and outlet pipe would be small, nor very 
economical. 

As regards size of the fresh-air pipe, I 
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would say that a 4-inch opening is gen- 
erally sufficient. This opening should 
be protected against obstructions by a 
strainer^ grating, or a wire basket similar 
to that used for the upper end of soil or 
waste pipes. 

TRAP ON MAIN DRAIN. 

Our third requirement calls for a trap 
on the main drain between the sewer, 
cesspool, or flush-tank and the fresh-air 
pipe. A trap is practically a suitable 
bend or dip in the pipe, which retains a 
sufficient quantity of water to prevent the 
passage of sewer-air. 

The opinions of experts as to the advi- 
sability of trapping the main drain are 
divided, some considering the trap neces- 
sary, while others claim it should be omit- 
ted. 

The objections urged against the use of 
traps in such a position are as follows : 

1. They impede ihe ventilation of the public 
sewers. 

2. They form an obstruction to the flow of the 
sewage m the house-drain, and are, therefore, the 
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cause of accumulations of foul matter in the 
drain, which* by its decomposition will generate 
noxious gases ; also, 
8. Foul matters will lodge in the trap. 

While the first objection does not strict- 
ly belong to the subject of this paper, 1 
will say that it is accepted by most au- 
thorities that house-drains and soil-pipes 
should not be used as ventilators for the 
street-sewers. In exceptional cases — such 
as, for instance, where an entirely new 
sewerage system is built, designed and 
constructed according to uniform plans, 
and where not only the construction of 
sewers but also the house-plumbing is un- 
der constant supervision of the engineer 
an^l designer of the system * — the trap 
(and consequently the special fresh-air 
pipe) may, perhaps, be left out. But I 
believe that a proper ventilation of sewers 
can be effectually carried out without ven- 
tilating through the houses, f 

* For instance, at Memphis, Tenn., and at Hambnrg, 
Dantzig, Frankfort-on-Main, Berlin, Breslan, and other 
places in Germany. 

t See Mr. Edward S. Philbrick's articles on " Ventilation 
of Sewers," in the Sanitary Engineer, vol. i. See also 
Sanitary Engineer, vol. v., number 12, page 246. 
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In regard to the second and third ob- 
jections, I would say that obstruciions do 
not frequenily occur if the drain is care- 
fully laid with sufficient and continuous 
fall to insure a cleansing velocity of the 
flow. If such an inclination cannot be 
given to the drain, proper flushing appli- 
ances should be used, and Lliese will, by 
daily or more frequent washings, insure 
the removal of all matters liable to lodge 
in the trap. Another most necessary pre- 
caution to prevent accumulations in the 
trap where the fall is very slight may be 
found in the use of a pro[)er grease- tiap, 
about which I shall speak hereafter. 

No amount of care in laying tlic drain 
will prevent its obstruction through care- 
lessly introduced articles ; these will often 
lodge in the trap. xV cleaning-hole should, 
therefore, be provided with the trap, and 
is rarely omitted in good work, or else a 
Y branch, closed with a trap-screw, sliould 
be inserted just a little above the trap. 

In vol. iii. of the Sanitary Engineer 
will be found an exhaustive discussion of 
the advisability of trapping the main 
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drain. My own opinion^ as stated in a 
communication to that journal, is as fol- 
lows : 

'* If we could have ideal sewers, house- 
drains, and soil-pipes, it might, perhaps, 
be possible to dispense with such a trap 
altogether. But since all sewers may have 
temporary stoppages from some cause, 
since house-drains may settle or leak, and 
joints of soil-pipes crack, thus allowing 
sewage matter to undergo putrefaction 
and enter the interior of houses, I would 
in all cases advise the use of a safeguard, 
consisting in a disconnecting trap and a 
well-ventilated soil-pipe. This latter ar- 
rangement is a conditio sine qua non, and 
rather than have a trap without ventila- 
tion I would advise to have none at all. 
... I would always condemn as unsafe a 
system of house-drainage in which the 
public sewers are ventilated through the 
houses. . . . The work of ventilating pub- 
lic sewers should, in my opinion, be done 
by the same public authorities who devise 
the sewer system, and not by the house- 
holders." 
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Leaviag aside^ however, tbe case of 
a house-drain connecting with a public 
sewer, it seems quite evident that, in the 
case of a house discharging its sewage 
into a cesspool, an effective barrier should 
be imposed to the gases constantly gene- 
rated in that receiver of all foulness from 
the household ; and equally so in the case 
of a flush-tank, wliich temporarily holds 
a large amount of faecal and other refuse 
matter, which sometimes undergoes de- 
composition. 

The principle of disconnecting each 
house from the street-sewer was first ad- 
vocated in England, and its importance 
becomes most apparent in the case of an 
epidemic, as by the use of a trap for the 
main house-drain each house will be iso- 
lated, while if all houses have an open 
connection with a sewer, this and the 
house-drains may become the channels 
for spreading the disease from one ho.use 
to another. It has been said by those not 
in favor of such disconnection that the 
air of the house-drain, the soil-pipe, and 
the branch wastes is much worse than 
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that of most city sewers^ and that conac- 
qucntly no harm could be done by allowing 
the scwcr to breathe through the pipes in 
the house. Such statement may be trao 
in regard to the sewers of some cities ; in 
otliers, sewers, es|)ecia11y if built long ago, 
are extremely foul. But it seems to me 
that just where the air of drains and 
pipes is foul it needs a strong dilution 
and purification by abundant fresh aiVy 
which an opening to the outside atmos- 
phere can furnish, but never a direct con- 
nection with a sewer. 

An open connection of the house-drain 
with a sower or cesspool is necessarily 
based upon the condition that every joint 
in the house is perfectly tight, and every 
trap perfectly trustworthy. As plumbing 
i8 done in most houses these conditions 
are only seldom fulfilled. But even where 
in new work such a standard of design 
and workmanship has been reached, the 
work may not remain so for ever. It 
is, therefore, advisable to use a trap on 
the main drain as a safeguard, but in ad- 
dition to this to insist upon occasional in- 
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spections. These become a Decessity in 
the case of large buildings, such as hotels^ 
schools, large factories, jails, and aln)s- 
houses. 

Incidentally it should be mentioned 
that a trap on the drain performs a most 
useful office during repairs or alterations 
of the plumbing work, in keeping from 
the interior of the building the gases from 
the sewer. 

Much, of course, depends upon a pro- 
per kind of trap for such disconnection. 
The old, so-called *' cesspool trap" is, 
next to the pan-closet and the D-trap, the 
worst device ever proposed in connection 
with house-drainage. As usually con- 
structed it is of very large size, with 
square corners, and soon accumulates 
filth, becoming in a short time in reality 
a cesspool. 

The common running-trap, which is 
manufactured in earthenware as well as in 
iron, is the simplest and at the same time 
the best of all forms. It should pre- 
ferably have a vertical drop of a few 
inches from the drain to the water-line in 
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the trap, in order to break up and more 
easily expel any solids that would tend to 
lodge in it. The running-trap is often 
provided with a cleaning and inspection 
hole at the house side of the water-seal, 
which serves as a fresh-air inlet when the 
trap is placed in a manhole outside of the 
house. In other instances a rain-leader 
is inserted into the opening of the trap, 
which thus receives abundant flushing at 
each rain-fall. The running-trap is some- 
times located on the line of the iron drain, 
just inside of the foundation-wall, so as 
to be at all times easily accessible. A 
trap, in iron, with a cleaning-hole and a 
cover, is then used. Care should be taken 
to close the cover perfectly air-tight. 

In all cases the trap should be so lo- 
cated as not to be liable to freeze in cold 
climates or exposed localities. 

In England various " disconnecting 
traps" have been used, such as Moles- 
worth's trap, Professor Reynolds's and 
Dr. Buchanan's disconnectors, Hellyer's 
Triple-Dip Trap, Pott's Edinburgh "air- 
chambered sewer-trap," Stiff's "inter- 
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ceptor " sewer-trap, Weaver^s disconnect- 
ing-trap, Mansergh's, Buchan's, Banner's, 
Stidder's, Bavin's traps, the "Eureka" 
sewer air-trap, and many others.* All of 
these may have certain merits, but no- 
thing could be better nor cheaper than 
the common running-traji with fresh-air 
pipe used almost exclusively in American 
plumbing. 

For those exceptional localities where 
undue pressure in the sewer from wind 
blowing into the outlet of the sewer, or 
from sudden changes of temperature (when 
exhaust steam is allowed to enter a sewer), 
or from heavy accumulations of surface- 
water gorging the sewer, or from the ac- 
tion of the tide in tide-locked sewers, 
frequently forces the seal of the trap, two 
running-traps with a proper vent-pipe be- 
tween them have been recommended. I 
have myself for some time advocated 
such an arrangement, which, after further 
experience, I think complicated and un- 
necessary. It would require eitlier a pipe 

* For illustrations of these see the author's "Hints oa 
the Drainage and Sewerage of Dwellings/' New York. 
1884. 3d Edition, 18U3. 



86 



extended through the roof, between the 
two traps, or else an open shaft (a man- 
hole) between them, and besides this, in 
every case, a fresh-air pipe entering the 
drain above the upper trap. 

TRAPPING OF FIXTURES. 

The fourth essential, as stated above, 
calls for a suitable trap placed as near as 
possible under every fixture. 

As regards this point I cannot agree 
with the views of Prof. Osborne Reynolds, 
of Owens College, Manchester. In his 
otherwise excellent little book, "^Sewer- 
gas, and How to Keep it out of Houses," 
after explaining the necessity of & discon- 
necting-trap on the main drain^ and giv- 
ing particulars about its constrv»ction, he 
continues : *' There will then bo no need 
to have traps within the house." 

Traps under fixtures become a neces- 
sity, as much of the so-called ''sewer- 
gas" is actually generated in the drain 
and soil pipes of the house. Even the 
waste from a wash-bowl becomes coated 
in time with a soapy slime, emitting bad 
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odors. The trap on the main drain would 
offer no protection uguinst the foul gases 
derived from organic matter decomposing 
within the pipes. We thua see tliat, while 
some advocate the trap on the main drain, 
but no traps under fixtures, others leave 
out the main trap, but trap the outlets of 
all fixtures. Jn my opinion both the 
trap on the main drain and traps under 
fixtures are usually necessary. 

Traps should be located as close as pos- 
sible to fixtures, in order to reduce the 
length of waste-pipe on the house-side of 
the trap, which is liable to become foul 
with long use. Probably the best mate- 
rial for traps is lead, as this permits of 
making a good joint with the lead waste- 
pipes. As Mr. Hellyer has truly pointed 
out, the junction of the trap with the 
waste-pipe is of far more importance than 
its junction with the fitting, because the 
former is on the sewer- side of the trap, 
and, nnless properly made, w^ould afford 
a passage for gases from the waste-pipe 
system into the rooms. 
Whatever kind of trap may be used 
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nnder fittings (and there is an endlesi 
number of such patented devices), it i 
of the greatest importance that the tra] 
should be self-cleansing ; for this reasoi 
traps witli square corners or large spaces 
liable to accumulate sediment, are objec 
tiouable. Much depends on a proper sizi 
of traps for waste-pipes : the smaller th 
trap the better will it be scoured. Trap 
filiould never be larger in bore than th 
waste-pipe to which they are attached 
It is preferable to have the house-side o 
the trap funnel-shaped where it joins th 
fixture, as this increases tlie scouring ac 
tion of the flush. I would recomment 
to choose a trap a quarter or half an incl 
smaller than the diameter of tlie waste 
pipe to which it is attached. The flush 
ing stream is thus concentrated, and it 
scouring power increased within the trap 
while, on the other hand, a trap an incl 
larger than the waste-pipe is sure to fil 
up in time with sediment. 

The following rules will serve as 
guide : 
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Traps under water-closets with 4-iD. soil-pipe 
should be 3^ in. to 4 in. diameter. 

Traps under wosh-bnsins witli H-in. to 1^-in. 
waste-pipe should be 1^ in. to 1^ in. diameter. 

Traps under bath and foot tubs with H-in. to 
2 in. waste-pipes should be 1^ in. diameter. 

Traps under laundry-tubs with 1^-in. to 2- in. 
waste-pipe should be H in* to 2 in. diameter. 

Traps under sinks with ll-\u. to 2-in. waste- 
pipe should be li in. to 2 in. diameter. 

Traps under slop-sinks with 2-in. to 3-in. waste- 
pipes should be 2 in. to 8 in. diameter. 

As regards the proper dip of traps, I 
would say that traps under those fittings 
which receive solids (water-closets) should 
not have a greater dip than 1^ to 2 inches, 
because otherwise the solids are not read- 
ily removed, and lodge in the trap. For 
traps of minor wastes a larger dip or 
*' water-seal " is advantageous, as afford- 
ing a better protection against loss of seal 
through evaporation, siphon age, or back- 
pressure. 

It is desirable that traps under those 
fixtures which receive a thorough flush- 
ing after use should hold as little water 
in volume as is consistent with a proper 
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and effective water-seal. The contents of 
these traps will thus be more readily 
changed after each use of the fixture. 

It is a good practice to follow the emp- 
tying of a bowl, bath-tub, laundry-tub, 
or sink with some clean water from the 
faucet, in order to have clean water only 
standing in the trap. 

If traps are provided with access-holes 
or cleaning-screws, these should prefer- 
ably be arranged below the water-line in 
the trap. 

Traps may be classified, according to 
the means used for the exclusion of gases, 
into : 

1. Water-seal traps. 

2. Mechanical traps, 

3. Merciiry-seal traps. 

The characteristic of all water-seal traps 
is that they have in their lowest part a 
bulk of water divided by a dip in the 
pipe, so as to stand on the house-side as 
well as on the sewer-side one or several 
inches higher than the lowest point of 
the dip, thus making a seal which, under 
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ordinary circumstances, prevents the pas- 
sage of gases. 

Traps of the second class have, in addi- 
tion to the water-seal, a mechanical con- 
trivance, such as floats, balls, valves, flaps, 
etc., to exclude sewer-air. 

Traps of the third class have, in addi- 
tion to a water-seal, a seal of mercury as 
a protection against sewer- air. 

Of water-seal traps I mention the com- 
mon bell-trap, Antill's trap, Jennings's 
improved bell-trap, the old-fashioned D- 
trap, Smeaton's Eclipse traj), the Helmet 
trap, Hellyor*s Mansion trap, Adee's pat- 
ent stench-traps, Brandeis's Paragon trap, 
Brandeis's Climax trap, the round trap 
and the bottle-trap, Connolly's Globe 
trap, Claugh ton's trap, the well-known 
S, P, and f-S traps, Hellyer's and Bu- 
chan's Anti-D-ti-aps, Pickering Putnam's 
anti-siphon **Sanitas" trap, and many 
others. 

There is an endless variety of mechani- 
cal traps, amongst which I wtimQ floating 
hall-valve traps, such as Bower's traj^s, 
Potzrath's traps. Knight's trap-, gra-ov 
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iy-valve traps, such as CudelPs trap, 
Garland's trap, Buchan's trap, Waring's 
trap, Turner's trap, Jennings's trap, Ben- 
nor's siphon-trap, Randolph's trap ; flap- 
valve traps, such as Pietsch's stench-trap, 
Clement's trap, Stidder's trap, Barrett's 
trap, etc. 

Of mercury-seal traps I mention Nich- 
olson's mercury-seal trap, Spratt's mer- 
cury-seal trap, Cohen's mercury-seal trap, 
Edwards's " metallic-bar " trap, and 
others.* 

The bell-trap, A, Fig. 2, is objection- 
able on account of insuflBcient water-seal 
and improper shape. It is frequently 
found at the outlet of sinks and yard 
gullies, and, having in its upper part a 
movable strainer, the latter is often lifted 
by servants or thoughtless persons, and 
then the gases from the drain-pipe freely 
enter the house. 

Antill's trap, B, avoids this defect, 
having a fixed strainer, but is objection- 

*For illastrations and descriptions of many of these 
traps the reader is referred to the author's work, " Hints on 
the Drainage and Sewerage of Dwellings.*' 8d Edition. 
New York, 1893. Wm. T. Comstock, Publisher. 
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able on acoount of shape and Email water-^ 
seal. 

The D-trap, C, and the bottle or pot 
trap, T), constitute small cesspools ; they 
violate the principle that a trap oiiglit to 
be self -cleansing. The l)-trap accumu- 
lates dirt and grease in the upper corner, 
which receives no scouring from the water 
passing tlirough the trap ; and the hotlle- 
trap often chokes up, as shown at E. A 
pot-trap of improved shape is sliown at 
F, which may keep cleaner on account of 
its round bottom. 

Adee's trap, G, is little better in this 
respect, though it has this to recommend 
it : that it is not so easily siphoned, having 
a large air-space above the water, and a 
large body of water in the trap. Tliis is 
also true of the round trap when new 
and clean ; when choked with grease, as 
shown at E, it is as much liable to siphon- 
age as the S-trap. 

The Climax trap, H, has a large dip 
and a round cup at its bottom, which is 
removable for cleaning purposes. Its re- 
sistance to siphon age is not gve^te^ t\\^w 
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that of any of the other traps, or 
the commou S-trap ifith same depUlj 
water-seal. ,^_ , 

The P-trap, I, and S-trap, J, are s^' 
so as to bo perfectly self-cleansing vl 
adapted in size to their waste-pi] 
They are of uniform diameter throi 
out, and have no nooks or corners to 
cuniiilatc dirt. The old hand-miado 
traps with seams have been superseded 
load traps cast in a mould. Much bel 
than hand-made and cast traps are 
drawn lead traps, known as ''Du Boilf 
tn4)s, made by hydraulic pressure, sani^ 
as lead pipe, and, therefore, free frodk 
sand-holes, flaws, or other defects. 4# 
re<;!irds cleanliness, S-traps are undoubteAr 
ly superior to all other traps of which T 
have knowledge. They cannot, howevet^ 
be relied upon to exclude sewer- air, af 
their water-seal is frequently destroyed. 
either by siphonage or by evaporatioiu 
They are shown in Fig. 2, I and J, with 
a vent-pipe attached it the highest bend 
of the trap on the sewer-side of the seal. 
The object of this vent-pipe is to prqveut 
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siphonage, as will be explained here* 

after. 

Putnam's anti-siphon ing * * Sanitas ** 
trap, shown in two sections at P,' Fig. 2, 
is a recently-devised water-seal trap of 
unusual shape and constrnction, which 
Was designed by Mr. J. Pickering Put- 
nam, architect, of Boston, to answer the 
following requirenionts of a tra]) : 

1. The seal to bo a water-seal witliout 
additional mechanical seal. 

2. The trap to be self-scouring. 

3. The trap to be capable of resisting 
the sevcTCst tests of siphonafje, mumentum^ 
and bark-pressure that can ever possibly be 
brought to bear upon it in plumbing, and 
this without the aid of special ventilation. 

4. The trap to contain sufficient depth 
of water to be practically safe against 
evaporation. 

5. 6, and 7. The trap to be simple, 
economical to manufacture, and to be 
made of durable material. 

8. To be so constructed that its interior 
can be inspected without removing the 
trap or any part of it. 
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9y 10. To have a tighfc-fittiiig cleans 
cap, arranged to be removed with perfec 
ease^ and to admit of removing any for 
eign sabstance that may have lodged i 
any part of it. All parts of the clean-ou 
cap to be under water. 

11. The trap to be so formed as to ofle 
tlie mini7num of resistance to the flow o: 
water. 

12. The trap to be independent of th^ 
fixture to which it is attached, and to b^ 
easily coiiuccted or disconnected* 

ft/ 

III order to prevent the loss of the seaL 
by the passage of air-currents through it:^ 
during siphonage, this trap has been given. 
such a form that, " without increasing 
the sectional area of any part^ the water 
shall be entirely reflected back and sepa- 
rated from the air before it reaches the 
outlet." '^ While in outward appearance 
the body resembles a small pot- trap placed 
horizontally, it has, in principle, the self- 
scouring form of the S-trap." 

Bower's trap is shown at K. This trap 

* Sec articles by J. Pickering Putnam, Esq., on " Sani' 
tary Plumbing " in the American Architect, 1883-84. 
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has a water-chamber into whicli the waste- 
pipe from the fixture enters at the centre, 
and an ontlet-pipe on one side. The 
mouth of the inlet-pipe is sealed by the 
water in the chamber, but in addition to 
this a floating ball of india-rubber in the 
water-chamber is held tightly against the 
mouth of the inlet-pipe, forming a seal, 
which, however, depends on the quantity 
of water in the chamber. The water, in 
passing through this trap, removes the 
ball from its seat and rotates the same, 
thus keeping it clean and free from mat- 
ters adhenng to it. An additional ad- 
vantage of this trap lies in the ball, which, 
being compressible, allows the water in the 
chamber to freeze without danger of the 
bursting of the cup. Unless the soil-pipe 
is extended full size through the roof 
this trap may have its water lowered by 
siphonage so much that the ball will 
drop from the mouth of the inlet-pipe ; 
but with proper ventilation of soil and 
waste-pipes it forms an efficient trap for 
wash-bowls, tubs, and sinks, although it is 
not as self -cleansing as the common S-trap. 
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Witling's check-valve is shown at 0. 
^iliis valve forms a. seal by its weight, 
and the seal is dependent upon the ac- 
cui-acy of the turned seat. Hair and 
particles of other matters may adhere to 
it and prevent a tight shutting of the 
valve. 

Cudell's trap, L, and Buchan's trap, M, 
are constructed much upon the same prin- 
ciple, but have a heavy mettillic ball in- 
stead of a conical-shaped valve. Tliis ball 
may keep cleaner by being revolved, but 
in this case, as above, the tightness of the 
seal will depend upon the accuracy of 
turning the seat. 

Nicholson's mercury-seal trap, N, has 
an inverted porcelain cup inside of its 
cylinder, the edge of which rests on mer- 
cury, forming a tight seal. The cup is 
lifted at each discharge by the force of 
tlie water entering at the bottom of the 
cylinder ; after all water has passed from 
the basin the cup falls back in its place. 
This trap is generally made in earthen- 
ware with brass couplings ; it is therefore 
a more expensive trap, but the mercery 
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seal very efficiently prevents the entrance 
of sewer-air, even if the water in the cylin- 
der should be removed by siplionage or 
evaporation. 

VENTING OF TRAPS AND TRAP SIPHON- 
AGE. 

The fifth requirement asks for a proi)er 
vent-pipe for such traps under Mxtuues as 
may otherwise be siphoned. Tliis siphon- 
age constitutes in many cases a danger, 
especially so with S-tiaps. Traps may be 
siphoned under tiie following conditions: 

1. Traps with an easy bend, on a 

rather steep line of waste-pipe, and with 

small depth of seal, are liable to empty 

themselves by the momentum of the water 

rushing from the fitting tiirough them. 

The air in the upper bend of the trap is 

expelled and replaced by water, which 

causes the trap to act as a Fiphon. When 

the fixture has discharged all its water, 

and air breaks the siphon, the water in its 

inner limb will partly drop back into 

the trap; but in case of a small dip it 

would be insufficient to seal the trap. 
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Unless a slow after-flush takes place the 
trap remains unsealed. 

2. Traps under fixtures may be si- 
phoned by a flow of water coming from 
another fixture on the same branch waste- 
pipe. 

3. Traps may be siphoned, by a dis- 
charge of a water-closet, a tub, or a pail 
of water poured into a slop-sink, into the 
main soil-pipe, to which the branch waste 
of the trap is connected. 

To guard against the first danger the 
dip or water-seal of the trap should be 
as great as possible. A special vent-pipe 
attached to the highest part of the bend 
in the trap on the sewer-side of the water- 
seal will prevent the self-siphonage, other- 
wise a mechanical or a non-siphoning trap 
should be used. 

To guard against the second danger the 
trap of each fixture may be vented ; if 
this cannot be done a non-siphoning trap 
should be used. Wherever possible each 
fixture should discharge independently 
into the soil-pipe, thus reducing the dan- 
ger from siphonage to cases 1 and 3. 
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The third danger Ivom siphonaf^e by a 
discharge into the main soil-pipe, either 
above or below the point where the waste 
from the trap enters it, will in some cases 
be suflBciently prevented by the complete 
and thorough ventilation of the soil-pipe. 
In other cases the venting of the trap be- 
comes necessary. In many cases, however, 
a uon-siphoning trap may safely be used. 

Where a number of water-closets dis- 
charge into the same inclined branch of a 
soil-pipe the air- vent to the water-closet 
trap becomes necessary, especially so with 
water-closets discharging quickly a large 
body of water, such as the various pat- 
terns of the plunger-closets (Zane, Dema- 
rest, Jennings) and some of the " wash- 
out" closets. 

Where slop- hoppers are trapped by an 
S-trap this must be properly guarded 
against siphonage, as the trap is very likely 
to lose its seal from the momentum of the 
water mshing through it each time a pail 
of slops is quickly emptied into the sink. 

The mateiial used for afr-pipes is lead, 
wrought-iron, or cast-iron. The short 
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branches froin the crown of the traps to 
the vertical air-pipe stack are generally 
run with lead pipe, as this allows of a 
more ready connection with lead traps. 
All main vertical and horizontal lines of 
air-pipe of two or more inches diameter 
should be run with heavy cast-iron or 
wrought-iron pipe, and its joints made 
thoroughly tight. It is a mistake, fre- 
quently made, to use inferior material 
for such air-pipes. They are invariably 
filled with more or less foul air; their 
joints should, therefore, be as tight as 
those of soil and waste pipes. Care should 
be taken to lay these air-pipes with a slight 
inclination, in order to prevent accumula- 
tion of water from condensation in the 
pipes. Vent-pipes for fixtures on diffe- 
rent floors may be joined, if convenient, 
and may enter the soil-pipe above the 
highest fixture. But it is preferable to 
run them to a main vent-pipe of lead, or 
better of iron, which goes through the 
roof independently. Where this passes 
through the roof it must be enlarged to 
four inches diameter, as it might, if of 
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smaller size, bo obstructed by ice in win- 
ter-time. It should not be covered at 
the top with any kind of ventilator. The 
diameter of the vent-pipe should never be 
less than that of the trap, except for 
water-closet traps, where it should be two 
inches in diameter; but in the case of two 
or more water-closets it should be three 
inches, and sometimes even larger, espe- 
cially for high buildings and for long 
lengths of pipe. 

It is always costly and often very incon- 
venient to run vent-pipes to the roof. 
The plumbing work is greatly complicated, 
and the number of joints which may leak 
sewer-air greatly increased by trap venti- 
lation. There is also danger that the 
vent-pipes for traps under tubs, sinks, and 
bowls may stop up with soapsuds or grease, 
in which case they would cease to act 
properly. The continuous current of air 
in the vent-pipe, in passing over the water 
in the trap, undoubtedly increases its 
evaporation.* Finally it becomes neces- 

* See report to the Boeton City Board of Health upon ex< 
periments on the evaporation of the watcr-scaV ot Xt&^^. 
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Bary,in the case of high buildings, lai^ely 
to increase the diameter of vent-pipes, in 
order to make up for the loss through 
friction necessarily occurring with long 
air-pipes. Therefore, while I consider 
vent-pipes for traps a necessary evil in 
many cases, especially for water-closet 
traps, I am inclined, in other cases, to 
prefer a good non-siphoning water-seal or 
mechanical trap, provided the soil and 
waste pipe system has ample ventilatio7i. 
Such a mechanical or anti-siphoning trap 
may be used under sinks, tubs, and bowls, 
but for water-closets and slop-hoppers (if 
without a strainer) the simple lead water- 
seal trap with vent attached is the only 
safe device, except a few water-closets 
]iaving an unusual doptli of seal. 

EVAPORATIOJ^ OF WATER IN TRAPS. 

Nothing short of continuous use of the 
fixtures will prevent evaporation of the 
water in traps. A large dip is recom- 
mended for traps on waste-pipes, to guard 
against a rapid loss of the seal. When 
a house remains iinoccu|[)ied for a long 
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time, but especially during the hot sum- 
mer months, special precautions should 
be taken to prevent sewer-air from en- 
tering the rooms and saturating carpets, 
wall-paper, and furniture. Replacing tlie 
water in traps with oil or glycerine may 
be recommended, or else the use of com- 
mon rock-salt, which attracts suflicient 
moisture from the atmosphere to make 
up for the loss by evaporation. 

Where fixtures are likely to remain out 
of use for some length of time it may be 
better to use a well-shaped bottle-trap 
with deep water-seal, or a mechanical trap, 
or else a mercury-seal trap. 

Attention is called to the increased 
rapidity with which evaporation of the 
water-seal takes place in traps with vent 
attached, as compared with non-ventilated 
traps. 

It is also true that the ventilation on 
the house-side of the trap by pipes run to 
special hot flues must largely increase the 
evaporation, which is of importance in 
case fixtures are not continuously used, as 
in guests' rooms, hotels, etc. 
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Mr. J. Pickering Putnam, in his ai-ticles 
on " Sanitary Plumbing," referring to 
the much-increased evaporation of the 
water-seal by trap ventilation, thus truly 
and forcibly states the dangers incurred : 

" Traps are left in disuse, and subject 
to the danger of loss of seal by evapora- 
tion, much oftener than is generally sup- 
posed. Thus they are unused in city 
houses which are left unoccupied during 
summer ; in country houses which are 
unoccupied during winter ; in hotels and 
apartment-houses during the quiet sea- 
sons, or at times when they are only part- 
ly filled ; in private houses in the spare 
chambers reserved for visitors ; in busi- 
ness olTices between the expiration and re- 
newal of their leases ; in school-houses, 
and all public and private office-buildings, 
at times of vacation ; in houses or cham- 
bers closed on account of the absence of 
their owners for travel, sickness, death, or 
any other cause ; in cases of drought, or 
' cut-off ' of water-supply for repair of 
pipes, rebuilding, or other cause ; in ex- 
tra fixtures in houses, and in other places 
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and at other times which will, upon reflec- 
tion, occur to the readers." 

LOSS OF WATER-SEAL IN TRAPS THROUGH 
CAPILLARY ATTRACTION. 

The water-seal in traps may also bo lost 
through tliG effects of siphonagc and ca- 
pillary attraction. If a small amount of 
lint or a few hairs or jute remain in the 
body of the trap, with one end lying over 
the outlet bend, a parfc of the water in 
the trap may be drawn off by capillary 
attraction and the seal destroyed. This 
action may frequently occur with traps 
which are not self -clean sing ; and it may 
also happen with self-scouring traps, if 
they remain for any length of time im- 
perfectly flushed. Entrance of scwer-air 
and bad odors in bath-rooms may often 
be due to such cause. Mr. J. Pickering 
Putnam has lately made numerous care- 
ful and valuable experiments on this sub- 
ject, and his conclusions are that capil- 
lary attraction can conduct the water only 
to a certain distance above the water-level 
in the trap, the limit of this dvat^w^^ 
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being 3^ inches. Hence a deep seal is a 
protection not only against back-pressure, 
self-si phonage, evaporation, and sipbon- 
age, but also against loss of seal by capillary 
attraction. He further calls attention to 
the fact that capillary attraction greatly 
increases the loss by evaporation in venti- 
lated traps. 

We think that if traps were construct- 
ed as suggested heretofore, without nooks 
or corners, and so restricted in size as to 
be thoroughly flushed at each discharge of 
the fixture, the danger from bits of twine 
or lint remaining in the trap is not great. 
To arrange traps under fixtures in such a 
manner that their water-seal can always 
be seen is certainly desirable ; still, it can- 
not be expected that the majority of 
householders should take the trouble to 
examine each day all traps in the house to 
see if their water-seal is intact. 

ABSOKPTION OF GASES BY THE WATER IN 

TRAPS. 

It is well known that water has the 
property of absorbing gases, and it was 
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believed that the water in traps would 
readily absorb sewer-air from the soil-pipe 
and give it off at the house-side of the 
trap by evaporation. It has also been as- 
serted that microscopic organisms (germs 
of disease) floating in gases of decay 
would pass through the dip of the water- 
seal and enter the house through the fix- 
tures, and that consequently the water- 
seal of traps offered no security against 
the invasion of sewer-air. Dr. Fergus, of 
Glasgow, Scotland, was the first to call 
attention to this matter, and made an ex- 
tensive series of experiments in 1873-74, 
which led him to condemn as unsafe the 
system of water-carriage in general, and 
the trapping of fixtures. The views of 
sanitarians, based upon Dr. Fergus's ex- 
periments, have been much modified by 
recent experiments of Dr. Carmichael, 
of Glasgow, by lesearches of Dr. Frank- 
land in London, Wernich and Naegeli 
in Germany, Prof. Rafael Pumpelly 
and Prof. Smyth in Newport, R. I., and 
others. 
Dr. Fergus's experiments were made 
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with gases iu a concentrated condition^ 
and as such are quite as reliable as the 
more recent experiments. But the latter 
more closely resemble actual cases, being 
made by experimenting directly with soil- 
pipe gases. Referring to what has been 
said about sewer-air, it will be seen that 
ammonia, sulphuretted hydrogen, and 
other gases of decay are present in drains 
and soil-pipes only in minute quantities. 
Dr. Carmicliael found that the amount of 
tliese gases passing through a water-seal 
trap was so extremely small that no dan- 
ger could be apprehended. With a tho- 
roughly ventihited system of soil and 
waste pipes this peril may be taken as in- 
significant. 

Another set of experiments by Dr. Car- 
micliael, made to determine the passage 
of germs through water, seems to indicate 
that germs, even if contained in the water 
of traps, are not liberated from it, as was 
hitherto supposed, unless the water is vio- 
lently agitated. Frankland in England, 
Naegeli in Germany, and Prof. Pumpelly 
in Newport, R. I., arrived at the same 
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conclusion, after careful investigations 
imd experiments. 

Dr. Carmichael sums up his conclu- 
sions by saying : "Water-traps are, there- 
fore, for the purpose for which they are 
employed — that is, for the exclusion from 
houses of injurious substances contained 
in the soil-pipe — perfectly trustworthy. 
They exclude the soil-pipe atmosphere to 
such an extent that what escapes through 
the water is so little in amount and so 
purified by filtration as to be perfectly 
harmless; and they exclude entirely all 
germs and particles, including, without 
doubt, the specific germs or contagia of 
disease. . . ." 

Further scientific researches will un- 
doubtedly throw more light on this yet 
little-investigated subject. 

TRAPS FORCED BY BACK-PRESSURE. 

It has already been explained how traps 
under fixtures may be forced by back- 
pressure. This cannot, however, occur 
with traps under fixtures, if all soil and 
waste-pipes are properly extewdeOi ^Vwwx^ 
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the roof and provided with a fresh-air 
opening at their foot. 

PLUMBING FIXTURES. 

The various plumbing fixtures which 
receive and deliver to the drain the foul 
wastes of the household will be reviewed 
here only from a sanitary jioint of view.* 

Phimbing fixtures should be concen- 
trated in a house as much as possible in 
vertical groups, so as to render necessary 
only few vertical stacks of soil and waste 
pipes, and to avoid long horizontal runs 
of pipes, which are objectionable, between 
floor-joists — first, because they necessitate 
the cutting of . beams ; second, because 
they prevent the running of waste-pipes 
with proper fall. Much may bo effected, 
in planning a new building in this direc- 

* For more detailed tcchiiieal descriptions of plambing 
appliances I refer to the intereyting series of articles on 
"Modern Plumbing," by T. M. Clark, Esq., in the Ameri- 
can Architect for 1878, and to the numerous papers on 
** Plumbing Practice " in the Sanitarn/ Engineer; also to 
the valuable series of papers on "Sanitary Plumbing,'* by 
J. Pickering Putnam, Esq., Architect, in the American 
Architect y and to the author's articles on " Domestic 
<Ss/;iYary Appliances," publlsYied in Good Houieke«piug. 
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tiou, by a proper attention of architects to 
its drainage system. 

To householders and persons about to 
build a bouse I would give the general 
advice to have only few plumbing fixtures, 
as few as they can possibly get along with, 
but to have these of the very best quality 
and fitted up in the very best manner. It 
is much better to have only one water- 
closet in a house, used constantly by all its 
occupants, and therefore frequently flush- 
ed, than to have half a dozen or more, each 
used only little. Plumbing fixtures con- 
stantly used need not be a menace to 
health, if properly arranged and well 
taken care of. The danger arises chiefly 
from apparatus not always used, from fix- 
tures in spare rooms, from plumbing in 
houses left unoccupied for a great length 
of time, from unflushed overflow-pipes, 
and water-seals of traps lost by evapoia- 
tion. 

It has recently been proposed by some, 
in view of the great danger to health from 
defective plumbing, to arrange all fix- 
tures in an annex, separated from the 
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living and sleeping-rooms of the house. 
This would be not only inconvenient but 
impracticable in cold climates, unless such 
annex can be separately heated. All that 
needs to be done is to remove plumbing 
fixtures from sleeping-rooms, as sewer-air, 
entering these through leaky joints or de- 
fective traps and fixtures, would be much 
more dangerous to persons inhaling it 
during sleep than during hours of active 
exercise. Wherever possible it is desir- 
able to locate water-closet apartments and 
slop-sink closets so as to be cut off from 
the main part of the house. This would 
involve the separation of the water-closet 
from the bath-room, such as is common 
in Europe, but little known in this coun- 
try, and which arrangement I am inclined 
to favor, especially in the case of a house 
with only few plumbing fixtures, occupied 
by a large family. 

If proper regard were paid to the ven- 
tilation of rooms containing plumbing 
fixtures the risk from sewer-air would 
be infinitely reduced. Unfortunately, it 
has hitherto been the habit with most 
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people to care more for the bright look of 
their fixtures, for decorated china-ware, 
costly marble slabs, silver-plated faucets, 
chains, and tubs, for handsomely-finished 
woodwork around bowls, water-closets, 
ginks, and tubs, than for the proper trap- 
ping and ventilating of such apparatus. 
Tight woodwork around bowls, tubs, 
sinks, slop-hoppers, and water-closets, 
which is the rule in ninety-nine out of 
etery hundred houses, forms harboring- 
places for vermin ; such corners accumu- 
late in time dust, and become exceedingly 
filthy, damp, and foul-smelling. The en- 
casing of plumbing fixtures should be 
abandoned for sanitary reasons. Damp- 
ness and nasty odors can be prevented by 
keeping such spaces entirely open, so that 
a free current of pure air sweeps around 
the fixtures, the most remote corner of 
which is thus made accessible to servants 
for cleaning purposes. But even with 
good sanitary appliances, properly venti- 
lated and connected with self-cleansing 
traps and waste-pipes, the householder 
should not forget that constant care and 
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watching is imperative, as well as a 
thorough cleansing and scrubbing as often 
as once a week, and preferably of tener. 

Sufficient hints will be given in the fol- 
lowing pages as regards the merits and 
defects of the various plumbing fixtures, 
especially the different types of water- 
closets, to guide the householder in select- 
ing proper and satisfactory appliances. 
In regard to the selection of a proper 
water-closet — and, in fact, of every plumb- 
ing fixture — a certain embaiTassment 
arises to every householder, in so far as 
almost every manufacturer naturally 
thinks his goods the best and safest to be 
used. Should the householder be unable 
to make a selection from his own judg- 
ment, he should consult an architect or 
sanitary engineer of reputation. Should 
he decide from personal opinion and ex- 
amination of closets, let him bear in mind 
that closets almost without exception pre- 
sent a good and cleanly appearance in 
manufacturers' showrooms. The real test 
of the efficiency of a water-closet is some 
months' severe use in a frequented plae« 
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(which, however, should be under constant 
supervision of a janitor). In this connec- 
tion I would advise to choose none but 
the very best apparatus for the use of the 
servants. A servants' water-closet is like- 
ly to receive a rougher treatment and less 
cleaning than closets for use of tlie family; 
closets with movable machinery (pan, valve, 
and plunger closets) are especially objec- 
tionable, as they frequently get out of 
order ; no cheap kind of hopper should be 
used. An automatic flushing arrange- 
ment for servants* and children's closets 
will secure better cleanliness than arrange- 
ments to be worked by hand. 

In speaking of water-closets in general 
further points of importance for the selec- 
tion of such apparatus will be mentioned. 

The material for plumbing fixtures 
should be strong and durable, non-absor- 
bent, non-corrosive, and highly smooth on 
the surface. The arrangement of fixtures 
should always be as plain and direct as 
possible. Outlets of all fixtures, except 
water-closats^ must be protected again/it 
obstruction by 9 fi^ed. strainer. 
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Wherever there are plumbing fixtures 
there should also be an abundant and 
never-failing water-supply to insure clean- 
liness, flushing of fixtures, and a perfect 
water-seal in the traps. Fixtures should 
never be located in rooms without proper 
and ample ventilation. It is preferable to 
locate water-closets and urinals in well- 
lighted apartments having windows to the 
outer air. This insures cleanliness and 
prevents fouling of fixtures through im- 
proper use. 

Each fixture connected to the soil or 
waste pipe system must be provided near 
its outlet with a suitable and reliable trap. 
The water in the trap of any kind of 
plumbing fixture ought to be frequently 
changed. Stagnation of water or air 
should be avoided, not only in the drains 
and vent-pipes, but in the traps as well. 

It is useful and, where cost is no objec- 
tion, advisable to ventilate the house-side of 
the traps and overflow-pipes by a vent-pipe 
running into some special flue, constantly 
heated for such purpose. A draught is 
thus created from the room through the 
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fiztares into the heated flue, and any gases 
given off at the house-side of the water- 
seal may tlius be effectually removed. 
This arrangement, however, should be 
adopted only for fixtures in constant use, 
for it is obvious that the draught from the 
hot flue will largely increase the evapora- 
tion of the water in the trap. As long aa 
fixtures are in constant use the traps will, 
of course, be always refilled. 

BRANCH WASTES FROM FIXTUUES. 

Fixtures are connected to the soil and 
waste pipe system by branch wastes car- 
ried under the floors. The material used 
almost exclusively for such branch wastes 
is lead, and the sizes adapted to different 
fixtures have already been stated. The 
connection is very simple in the case of a 
single fixture, such as a kitchen-sink or 
a lavatory. The problem becomes more 
intricate in the case of a set of fixtures, 
such as are generally located in a bath 
or dressing room. A bath-room of the 
better class of city houses contains a wa- 
ter-closet; a bath-tub, and a lavatory^ 
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sometimes also a hip-bath or bidet. It is 
desirable that each of these fixtures should 
have a separate connectioa to the soil- 
pipe. Such is seldom possible, except 
when the soil-pipe is located in a special 
shaft, or where it is possible to conceal 
the pipe and Y branches by a *' false ceil- 
ing," as the height of timbers does not 
generally allow of the placing of more 
than one Y branch. 

A very common but most defective 
manner of overcoming the difficulty con- 
sists in emptying the wastes of bath-tub 
and bowl into the water-closet trap below 
its water-line, supposing the water-closet 
to be of such type as requires a lead trap 
below the floor. As the waste-pipes have 
only a slight fall to tlie trap, the water 
of the latter, which frequently holds ex- 
cremental matter, will stand for a long 
distance back in the waste-pipe and keep 
it continually foul ; the free flow from 
the bath and bowl is much retarded, the 
waste being air bound between the water- 
closet trap and the traps of bowl and 
bath. Matters are even worse \?ben the 
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water-closet trap is meant to serve also 
trap for the bowl and bath, these having 
no traps placed under them. The foul 
water standing back in the waste-pipes 
will then readily evaporate into the dress- 
ing-room and fill it with noxious odors. 
Moreover, it frequently happens that this 
trap becomes displaced by tipping over, 
or that the waste-pipe attached to the 
trap sags, so as to render the water-seal, 
which is rarely over an inch in depth, in- 
effective. It will be readily understood 
how, under such circumstances, the foul 
gases of the soil-pipe — especially if this 
be un ventilated, as is so often found in 
examining old houses — gain an easy ac- 
cess into our rooms. Should the main 
drain have an untrappod connection to a 
sewer or cesspool, the gases from these 
would ascend and permeate the whole 
building. Such instances of faulty work 
are by no means rare, nnd are causes of 
much preventable headache and sickness. 
To run such wastes into the water closet 
trap above its water-line is equally wrong. 
Where the water-closet is some ^\«»'<>^\iC5fc 



122 



away from the soil-pipe, it is possible to 
insert between its trap and this junction 
with the soil-pipe, on the horizontal part 
of the soil-pipe, two 4'' x 2" Y branches, 
or else one double Y branch for bath and 
bowl wastes. Where the water-closet is 
quite near the soil-pipe, and the connect- 
ing-pipe between them is of lead, the 
wastes from bowl and bath may join the 
latter beyond the trap. Wherever there 
is room enough, a 4t" x 2" double Y branch 
may be inserted vertically below the wa- 
ter-closet branch on the soil-pipe, or else 
one A!' x ^" Y for bowl above the water- 
closet branch, and a 4''x2'' Y below it for 
the bath waste. It seems desirable that 
the iron-works should manufacture a com- 
bined Y branch, having a 4-inch opening for 
the water-closet waste, and one or two 1^ 
to 2-inch openings for the smaller wastes.* 
Long lengths of waste-pipes under floors 
are objectionable ; to avoid them it is 
sometimes better to provide a special stack 

♦AY branch with 4-mch outlet for the water-closet and 
2-lnch side-outlets for a bath or bowl is manafactared for 
uae in the Durham eyBtem of house-drainage. 
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of 1^ to 2-inch vertical iron waste-pipe near 
lavatories or baths, where these are re- 
mote from the main soil-pipe. 

It is customary to provide bath-tubs, 
wash-bowls, and pantry-sinks with an 
overflow-pipe, in order to prevent flood- 
ing of floors if the outlet of any of these 
fixtures should be closed by a plug iin4 
a faucet carelessly left running. These 
overflow-pipes should enter the waste be- 
tween the fixture and its trap, or else they 
should enter the trap below the water- 
line, so that the trap serves for both waste 
and overflow. Overflow-pipes do not re- 
ceive a thorough flushing, and are liable 
to become foul with soapsuds, emitting 
unpleasant odors. For baths, fortunately, 
the overflow-pipe can be safely dispensed 
with by using the standing overflow, and 
the same arrangement of a standing waste 
may take the place of a chain and plug 
and overflow-pipe in a pantry sink. Wash- 
bowls with ** patent overflow" — i.e., a con- 
cealed channel in the earthenware bowl — 
have the length of the overflow reduced 
to a minimum, while tip-up lavatoT\e^ d^ 
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away entirely with the objectionable over- 
flow-pipe. Such is also the case with all 
forms of washbasins with standing over- 
flow in place of chain and plug. 

A set of laundry trays is generally 
trapped by only one trap, thus leaving a 
long length of waste-pipe in connection 
with tlie air of the room. Such wastes, 
properly restricted in size, and laid with 
sufficient inclination, can be kept well 
flushed, but I prefer to trap each laundry 
tub separately. 

In the case of a set of water-closets or 
urinals, I consider it imperative to have a 
separate trap under eacli fixture. 

It is of the utmost importance that the 
connection between a water-closet and the 
soil-pipe should be absolutely tight. The 
different types of water-closets are pro- 
vided at their outlets either with a lead 
trap under the floor, or else they have a 
trap of iron or earthenware, as the case 
may be, above the floor, or they are so- 
called " trapless " closets, in which case 
the only water-seal against gases is formed 
bj the water held in the bowl (either by a 



125 

valve, pan, or plunger, or by a special 
shape of the bowl). For water-closets 
having a lead trap under tlie floor a brass 
ferrule is connected by a wiped joint to the 
end of the trap, and the feiTule is insert- 
ed into the hub of the iron soil-pipe and 
caulked tightly. The house-end of the 
lead trap is flanged out, and the earthen- 
ware or iron horn of the closet inserted 
into it, resting with its horizontal flange 
upon a ring of soft india-rubber, or of 
oakum, saturated with red lead. Wood 
screws, drawn through the horizontal 
flange into the floor, tighten the con- 
nection. 

In the case of trapless closets and such 
with a trap above the floor, the outlet is 
generally connected by a lead thimble to 
the soil-pipe in the same manner as just 
described for lead traps. 

Such a connection is in neither case a 
perfect one. But in the case of closets 
with trap under the floor this connection 
is on the house side of the trap, and the 
danger from leakage of sewer-air from 
the soil-pipe is prevented by the water- 
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seal. With trapless closets (such as soma 
pan-closets, valve-closets, and plunger- 
closets), with closets having the trap above 
the floor (short hopper and some plunger 
closets), and, finally, with all " wash-out" 
closets, such a connection is dangerous, 
and a better joint than is used at present 
should be devised — such as, for instance, 
a connection by means of a brass floor 
fliuige or plate between water-closet outlet 
ami the lead-pipe connecting with the iron 
soil-pipe. 

In the Durham system of house-drain- 
age water-closets are supported on an iron 
base or iron trap with flange in direct and 
rigid connection with the soil-pipe, thus 
being made entirely independent of floors, 
and not affected by settling or shrinkage. 

SAFE- WASTES. 

In order to prevent the flooding of 
floors and ceilings, fixtures, such as wash- 
bowls, bath-tubs, water-closets, etc., are 
often lined with a safe of sheet-lead pro- 
vided with a waste-pipe. In bad plumb- 
ing work these '^drip-pipes" are either 
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connected to the nearest soil or waste pipe 
—often even without a trap — or else, in 
the case of water-closet safes, are made 
to run into the water-closet trap. Such 
drip-pipes should not be connected at all 
to the drainage system. They should run 
vertically downward to the cellar, and dis- 
charge either over a sink or terminate at 
the cellar ceiling. Should it be feared 
that the drip-pipes might become tlie 
channels for leading the cellar air into 
the upper rooms, their mouths should be 
closed with pai)er glued over them, or the 
pipes should havo an upward bend closed 
by a ball which is prevented from drop- 
ping by wire bands. 

Lead safes and drip-pipes may be neces- 
sary in the case of expensively-decorated 
ceilings. In all plain work it is much 
better to dispense with them altogether, 
substituting for the clumsy and ill-look- 
ing safes a water-tight floor of Portland 
cement, terrazzo or mosaic work, slabs of 
slate, a marble floor, a floor laid in white 
Minton tiles, or even a plain, well- jointed, 
hard-wood floor. 
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CISTERN OVERFLOW-PIPES. 

Both underground cisterns and cisterns 
in the attic of a house should be pro- 
vided with an overflow. The usual cus- 
tom has been to connect this overflow- 
pipe to the drain, or, if inside a house, 
to the soil-pipe. In consequence of this 
most pernicious practice the water was 
contaminated; and since water is known 
to be a carrier of disease germs not less 
so than the air, sickness and deaths were 
traced to this faulty arrangement. 

iVb overflow from, a cistern for cooking, 
washing, or drinking water should be con- 
nected to any part of the drainage system 
under any circumstances. Even if pro- 
perly trappol the danger is not removed, 
as the water in this trap evaporates, and, 
as ail overflow seldom occurs, no water 
refills the trap and drain-air passes freely 
into the tank. This overflow should be 
made to run into the gutter of the roof 
wherever this is practicable. In cold cli- 
mates or in exposed places its outlet 
should be protected by a flap-valve. If, 
for some reason, the above course cannot 
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be followed, the overflow should discbarge 
over an open sink in tlie basement or cel- 
lar. If the cistern is located outside of 
the house the overflow should be carried 
to some low point, >v'here it should have 
an open outlet, protected by a strainer 
against the entrance of mice or vermin. 
Blow-offs for water-tanks should be treated 
similarly to the overflow- pipe. 

REFRIGEUATOR WASTES. 

It is not safe to have a direct connec- 
tion between a refrigerator waste and 
drain or soil pipes, for reasons given above 
for overflows of cisterns. Small refri2:e- 
rators may waste into a pail, to be re- 
moTed and emptied i^eriodically. 

Wastes from large refrigerators aro very 
apt to become coated in a sliort time with 
slime and dirt. They frequently stop up 
and become offensivo, especially if the ice 
used is very impure. 

Sttcli large refrigerators should empty 
over an open tray. This, in its turn, may 
have a waste-pipe and a stop-cock to dis- 
connect the traj from tlie dva\w-\v\\)^ '$.^^- 
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tern in case the refrigerator is put out of 
use for a long time. The waste-pipe 
must also be trapped before joining the 
nearest soil or drain pipe, and for such 
wastes a non-siphoning trap or a trap 
with a mechanical seal is decidedly pre- 
ferable to the common vented S-trap. 

WASH-BASINS. 

Little of sanitary importance may be 
sail! with regard to wash-basins. If pro- 
perly fitted with waste-pipes of proper 
size and material, and eflficiently protected 
by a good trap, tlicy may be considered 
perfectly safe conveniences in dressing- 
rooms. Their use in sleeping apartments 
and in closets or boudoirs near bedrooms 
without independent ventilation is at- 
tended with considerable risk, and the 
habit of putting stationary lavatories in 
such rooms, which has become so general 
nowadays, sliould be earnestly discour- 
aged, especially for such rooms as are not 
continually occupied (summer residences, 
hotOiS, etc.) This, however, is equally 
true of any other plumbing fixture^ 
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Wash-basins are usually made in earth* 
enwaro, this material being the cleanest 
and best for the purpose. Iron-worka 
manufacture cheap iron washstands, 
plain, painted, galvanized, or enamelled, 
which may answer for office use, for pri- 
son cells, etc. Copper basins are rarely 
used. 

Earthen bowls are attached by brass 
basin-clamps to marble slabs, the joint 
between them being made tight by means 
of plaster of Paris. To prevent damage 
to ceilings the bowls are provided with a 
number of holes near the upper rim, lead- 
ing to a short horn to which a load over- 
flow-pipe is attached. Some bowls have 
a " patent" overflow, a concealed channel 
in the side of the bowl. 

The outlets of bowls are commonly 
closed by means of india-rubber, brass, or 
plated plugs, to which a chain is attached. 
The annoyance caused in lavatories of 
public places by too frequent breakage 
of the chain, necessitating the removal of 
the plug by placing the hands into bowls 
containing dirty water used b^ ^oycv^ \x^- 
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known person, has led to the inyentioo o/ 
u numboi* of valve- wastes for bowls. In 
nio8t of these- as, for instance, McPar- 
hiiurs and Foley's waste- valves, Moore's 
non-ovortlow basin and waste-valve. Mad- 
dock's Sanitary Valve wash-basin. Cooper, 
Ji)noa & Ciidbury's secret valve-'waste, 
Hennor's basin-viilve, Jennings's pull-up 
waste-valve, Tylor's quick-waste valve, 
lV)vlo'8 valve, and the Boston waste * — 
the outlet is closed some distance away 
from the bowl, thus leaving the bowl in 
conneeiion with the valve-chamber, which, 
after ea(;h use, remains coated with soap- 
suds and foul slinu\ At the next use of 
the bowl the clean water mingles with 
til is waste matter and becomes soiled even 
b(^fore use. Moreovtjr, the valve-chambers 
^^vi nu)re or less foul after some use and 
ruiit noxious smells into the rooms. 

A device which closes the bowl directly 
at its bottom is *' Weaver's waste." By 
simply touching a knob connected with a 

* For illustrations of thoHC valvop 8c<^ the author^B " Hints 
on the Drainajije and Scwt'rago of Dwellings." New York, 
3d Edition, 1893. William T. Comstock, Publisher. 
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lever the stopper in the bottom of the 
bowl is lifted and held iu place. Stid- 
der's discharge-valve for basins is similar 
to it, and Underhay's registered basin- 
valve is a flap-valve, closing the bowl at 
its bottom. 

Jennings's ** tip-uj^ basins "also do away 
with chain and plug, and are very conve- 
nient for use, as the basin is emptied by 
simply tilting it, thus discharging its con- 
tents into a bowl underneath, which is 
concentric with tlie upper basin and to 
which the trapped waste is attached. It 
appears at first sight to be a cleanly de- 
vice, but it gradually accumulates foul- 
ness in the lower basin, which receives no 
special cleansing, and for this reason tip- 
up basins should only be used where a 
stricter regard to cleanliness of plumbing 
fixtures is paid than is usual in most 
households. The manufacturer lias re- 
cently improved these tip-up basins by 
hanging the bowl in such a manner that 
it can be lifted for cleansing purposes with- 
out trouble or mechanical action. An 
advantage ol " tip-up " lavatories coxv^\^\» 
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in the absence of a special overflow-pipe, 
which latter is often the cause of annoy- 
ini? odors. 

The objection raised against most valve- 
wastes for bowls — namely, that the walls 
remain coated with a more or less foul 
slime after emptying the bowl — is also 
true in regard to the bowl itself. In pri- 
vate houses these are, of course, well taken 
care of and daily cleaned ; but in public 
lavatories, used rapidly in succefsion, a 
decided lack of cleanliness is felt. An: 
entirely new departure in wash-bowk, so 
far as this country is concerned — ^for it has 
been manufactured by J. Tylor & Sons and 
otiiors in England — would be a flushing- 
rim lavatory bowl, supplied with hot and 
cold water through a nozzle, to which both 
supply-pipes are attached. By openiug 
either faucet hot or cold water, as desired, 
would enter the bowl simultaneously at 
all sides, and give it a thorough downward 
rinsing flush. The outlet of the bowl 
m:iy then be closed and the bowl filled 
with clean water. With such a flushiag- 
rim bowl some of the valve- wastes wauU 
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become unobjectionable even to the most 
fastidious. 

The same firm, J. Tylor & Sons, manu- 
factures a back-on tlet flushing-rim lava- 
tory, which empties itself quickly, and is, 
therefore, to some extent self-cleansing. 

To make the flush ing-riui lavatory per- 
fect in neatness and cleanliness the 
marble slab to which the bowl is clam|)ed 
should be supported by handsome brackets 
of iron, brass, or marble, leaving off all 
carpentry underneatli. The floor under 
the bowl atid the rear wall may be neatly 
finished in»white tiles, or in cement or 
terrazzo floor, so as to be impervious, thus 
doing away with the unsightly safe-lining 
underneatli the bowl. If tiling or a ter- 
razzo floor is considered too expensive, a 
well- finished hard- wood floor should be 
u ed. 

The arrangement suggested for fitting 
up flushing-rim lavatories applies equally 
to common wash-stands. Ilitherto more 
or less tight woodwork has been used to 
encase the space under wash-bowls in 
order to hide from view traps, sw\)V^^ ^xA 



136 



waste pipes, safe-linings, drip-pipes, etc. 
Such tight, nn ventilated spaces with dark 
corners must necessarily accumulate dirt, 
and become damp from leaky fixtures, and 
nasty in general. With first-class i^lumb- 
ing work it is unobjectionable to have 
lead pipes and traps in sight ; leakage is 
easily detected and cleanliness of servants 
better enforced where there is plenty of 
light and air around a wash-basin.* 

BATH-TUBS. 

Bath-tubs are made of wood, or wood 
lined with galvanized sheet-iron, or lead, 
or with zinc or heavy copper — which may 
be tinned and planished or nickel-plated — 
of cast-iron with porcelain enamel, and of 
stoneware. Any of these may be used, 
the selection depending chiefly upon their 
cost and upon the personal preference of 
house-owners. For private residences 
copper bath-tubs are used more than any 
others, the weight of the copper being from 
16 to 24 oz. per sq. ft. for the best tubs. 

* See .'illastrated snggeBtions for arranging waflh-basms 
without tight carpentry in the above-<\jioted book. — W. P. Q. 
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Enamelled-iron tubs are also used exten- 
sively, especially in hotels, hospitals, asy- 
lums, etc. The porcelain bath-tubs, al- 
though perfectly non-absorbent, most 
cleanly and attractive in appearance, are 
not in general use, being very expensive, 
heavy, and often clumsy. 

For bathing establishments enamelled 
iron and copper tubs are not to bo recom- 
mended, the former losing their enamel 
by continued use, the latter being easily 
knocked out of shape and requiring con- 
stant attention to keep on them a bright 
polish. In such places earthenware 
tubs will answer very well, being easily 
cleaned, and as they are used rai)idly in 
succession they do not chill the water 
after the first bath, an objection raised 
sometimes against marble or porcelain 
tubs in private houses. Tubs in bathing 
establishments are often constructed of 
brickwork, lined with slate, or with white 
tiles or marble flags. 

Many devices have been introduced to 
do away with the chain and plug arrange- 
ment of tubs, wljich device get^ \u\e\fc«xv 
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from soapsuds here as in the case of wash- 
bowls. Such improved bath-wastes are^ 
for instance. Weaver's, McFarland's, Fo- 
ley's, H. C. Meyer's, Jennings's, Stidder's^ 
Tylor & Sons*, and others.* None of 
these is preferable to the ** standing over- 
flow," a most simple and cleanly contri- 
vance, consisting of a tube of same bore 
with the bath waste-pipe, with a trumpet- 
shaped mouth at its top, which tube is 
inserted in place of the plug at the bottom 
of the bath-tub. It renders a special over- 
flow-pipe unnecessary. The only objec- 
tion, sometimes made against it, is that it 
may be in tlie way while bathing, especi- 
ally with short, so-called *' French " bath- 
tubs. This can, however, be easily avoided 
by arranging a proper recess at the foot 
end of the tub. 

While it is not my intention to consider 
the supply of hot and cold water to fix- 
tures in general, nor to discuss the rela- 
tive merits of ground-cocks, compression- 
bibbs, and self-closing faucets, I must 
briefly touch, for reasons that will appear 

♦ Jllnstrated In the above-quoted book. 
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hereafter, upon the manner of supplying 
water to bath-tubs. 

If the hot and cold water faucets are 
placed near the top of the tub, the hot 
water speedily fills the bath-room with 
steam (although this can be partly over- 
come by using a double bath-cock with 
only one supply-inlet) ; the noise of the 
falling water is also sometimes objected 
to. To avoid this inconvenience the sup- 
ply has been made to enter the bath, hot 
and cold water mixed, through the same 
hole that servos as an outlet for the foul 
water. Thus soapsuds and filth, coating 
the waste-pipe and left there from the 
time the bath was last used, mingle 
with the clean water. Such a device is 
unsanitary, and must be utterly con- 
demned. 

If it is desirable to avoid the steam or 
noise in filling bath-tubs, the suj)ply-inlet 
may be placed at the foot end of the tub, 
near its bottom. An advantage which 
this arrangement offers is that servants 
cannot draw water into pails or pitchers 
in a hath' tab, a frequent ca\\9>^ o\ >iX\^ 
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chipping oflf of the enamel of iron tubs 
and the bruises made in the sides of cop- 
per tubs. It appears, however, that such 
a location of the supply-inlet below the 
water-line of the bath-tub is in certain 
cases endangering the purity of the water- 
supply. This risk always occurs wher- 
ever the bath-tub is supplied directly from 
the rising main and the pressure of water 
is insufficient to supply at all times the 
upper stories of city houses. The Ameri- 
can Architect of 1882, in calling attention 
to this danger (which danger is well known 
to exist in the case of water-closets flushed 
directly from the service-pipe), says as 
follows : 

" Thousands of fixtures are in daily use 
whicli are liable to have their supply fail 
altogether on certain days and hours, or 
to have it withdrawn temporarily by the 
opening of a faucet below. All such fix- 
tures are exposed to the worst conse- 
quences of intermittent supply. If anj 
person having access to fixtures so placed 
will try the experiment of opening a fau- 
net at the time of \ovj ^at^i tlve rush of 
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the air sucked back into the pipe will be^ 
plainly heard, or by placing the finger 
over the mouth of the faucet the inward 
prespure can be felt. Even where the- 
head is considerable, an artificial lowering 
may be, and often is, caused by the open- 
ing of faucets in the lower stories, wliich 
will leave a vacuum in the pipe i=upplying 
the upper fixtures, and in such cases sub- 
stances near the mouth of the upper fau- 
cets are liable to be sucked through tliem. 
into the supply-pipes. We have known 
the opening of a pantiy-cock in a lower 
story to siplion out in this way and dis- 
charge into the pantry-sink the entire 
contents of a bath in a room above, mucli 
to the amazement of its occupant. The 
bath happened to be fitted with a bottom 
supply." 

This may even happen with a supply 
from a tank in the attic, and the only 
means to prevent the occurrence Avonld 
be to rnn special lines of hot and cold 
water from boiler and tank respectively 
to the bath inlet, or else to place a check- 
valve in the cold-water supply to tl\^ 
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bath, which remedy, however, cannot be 
relied upon to work for ever. 

There are many varieties of tubs used 
for personal cleanliness, such as foot- 
tubs, hip-baths, bidets, showei'-baths, etc. 
They need no further explanation, as the 
principles for the sanitary construction of 
bath-tubs apply equally well to them. 

Bath-tubs of wood, lined with metal, 
necessarily require some exterior finishing 
woodwork, which also serves to hide from 
view the supply-pipes, the overflow, trap 
and waste-pipe. 

In Europe metal bath-tubs are made 
sufficiently heavy to stand without a cas- 
ing. This method of fitting up bath-tubs 
has much to recommend it from a sani- 
tary point of view ; such bath-tubs stand 
free on the floor, perfectly accessible and 
with all pipes in sight, which seems en- 
tirely unobjectionable. Iron porcelain- 
linod bath-tubs are sometimes left without 
woodwork in our hospitals and asylums, 
and glazed stoneware tubs are fitted up in 
handsome residences in the same manner, 
both giving complete satisfaction. 
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LAUKDllY-TUBS. 

Laundry-tubd are made of various mar 
terials, such as wood, wood lined with 
sheet-lead, euamelled or galvanized cast- 
iron, cement-stone, slate, soap-stone, or 
eartlienware. Wooden tubs are objection- 
able, as this material readily absorbs the 
dirty water and becomes foul, emitting a 
close odor wlien not in use. Being alter- 
nately wet and dry, they are liable to 
leak, and will quickly rot. Cement-stone 
laundry- tubs are cheap, durable, and clean- 
ly. They have no seams, each tub being 
manufactured in one piece, and therefore 
will not leak. Galvanized or enamelled 
iron and soap-stone trays are equally good 
and much in use. The white crockery or 
"ceramic" tubs are undoubtedly the 
neatest, and are always perfectly clean 
and sweet. They are not subject to wear 
or leakage, nor do they absorb dirty water, 
and therefore do not become foul from 
use. They are, of course, more expensive 
than any of the others. Woodwork about 
wash-tubs should be dispensed with as 
iimch as possible, and the tubs ti'evv.t^<i vbl 
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this respect as suggested in general for 
plumbing fixtures. 

KITOHEN^ AND PAKTRY SINKS, LAUKDRY 
AND housemaids' SINKS. 

Sinks are made of wood, of wood lined 
with lead or with copper, of cast iron — 
which may be painted, galvanized, or 
enamelled— of wrought-steel, of copper, 
soap-stone, slate, or earthenware. 

For pantry-siiiks tinned and planished 
copper is generally used, being preferable 
to porcelain or soap-stone sinks, as glass 
and crockery are not as liable to breakage 
in them. 

For kitchen and laundry sinks soap-stone 
or iron is much used. Galvanizing or 
enamelling the iron much improves the 
appearance of the sinks ; but even these 
protective coatings wear off in time, and 
then the iron rusts rapidly. 

Possibly the protective coating of the 
black magnetic oxide of iron, offered by 
subjecting the iron or steel to the Bower- 
Barff *^ rustless" process, may effectively 
protect the surface of iron sinks against 
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rust. Of late earthenware sinks have 
been manufactured up to large sizes^ and 
are undoubtedly the cleanest and neatest 
of all kinds. 

Housemaids' sinks, used only to draw 
water, may be of small size and look most 
cleanly when manufactured in earthen- 
ware, although other materials are often 
employed. 

Sinks should be provided with strong 
metallic strainers, either open or plug 
strainers. In both cases the strainer 
should be securely fastened to the sink, 
60 as not to he removable by servants, in 
order to prevent obstructions of the 
waste-pipe and trap. With plug strain- 
ers it ia important that the sink should 
have an overflow pipe of sufficient capaci- 
ty to carry oflf the full supply, in case 
the supply-cock should be accidentally 
left open. 

In most houses kitchen-sinks are en- 
cased in tight woodwork, and conse- 
quently a close, damp, and foul smell is 
often noticeable in the compartment un- 
der a sink. This method ol ^\>^\v\^xi:^ 
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sinks is decidedly objectionable, and the 
common practice of using such unventi- 
lated, closed' spaces under a kitchen-sink 
for the storage of kitchen utensils, or, what 
is worse, cleaning-rags, etc., should be 
strongly condemned. The space under- 
neath a kitchen-sink should be free to 
light and ventilation, and readily accessi- 
ble for frequent cleansing. The sink may 
be supported by brackets, properly fasten 
ed to the walls, or it may rest on legfi^. 
The floor under the sink and the rear wall 
may be finished with white Minton tiles, 
which makes a neat and most cleanly ar- 
rangement. 

The remaiks just made as to the de^ 
Birability of keeping the spaces under 
pinks entirely open apply also to pantry- 
sinks and housemaids' sinks. 



GREASE-TRAPS. 



• 



Til rough kitchen and pantry-sinks a 
large amount of grease, derived from 
washing dishes, etc., is emptied into the 
drainage system. This grease proves to 
be of all the waste matters in the houso 
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the most difficult to deal with. Being 
dissolved by hot water, it passes the strain- 
er of the sink in a fluid condition, but 
soon becomes chilled, adheres to the sides 
of the waste-pipes or drains, lodges in 
traps, and becomes putrid and offensive. 

If the drain inside and outside of the 
house has a very good pitch, the grease 
will probably be carried far away from 
the house before becoming solid. This is 
more likely to happen where sinks have 
plugged outlets, as the rush of the water 
carries the grease very far. The ammonia 
of urine will remove grease, and thus 
pipes receiving above the point where the 
waste from the kitchen or pantry sink 
enters the cellar-drain a water-closet or 
urinal discharge are often found to be 
comparatively free from grease. 

But in large houses, or hotels, etc., the 
grease should not be allowed to enter the 
house-drain at all ; it should be inter- 
cepted by a proper grease-trap, placed as 
near to the sink as the locality may per- 
mit. 

In a recent paper, read at the u\eet\\\^<i^ 
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the Sanitary Institute of Great Britain at 
Newcastle-upon-Tyne, Mr. W. Eassie, the 
well-known English engineer, spoke about 
grease- traps as follows : ** Though it must 
be conceded .that fatty matter will con- 
ceal and rise to the top of water, and 
sometimes reach the sewer, yet it must 
4ilso be admitted that it will not always 
reach the outfall even with reasonably 
^mple fall of the drain, and that it has a 
tendency to adhere to the insides of the 
tiap when cool, and to the sides of the 
•drain, in some instances stopping them 
iij). Many suppose that there is no ne- 
cessity for any special treatment of the 
grease which is sent into the house-drain 
from the scullery or kitchen sink, and 
this is made a hard-and-fast rule. This 
might be taken as correct were the house 
to be treated a cottage or small villa, with 
but a few inmates, say eight or ten in 
number, because the quantity of produced 
fats in cookery and Avashed-off grease from 
pans and plates would be inconsiderable, 
and a liberty might be taken in supposing 
that the bulk of the grease would reach 
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the sewer, and tliat it would ride safely 
in globules to the sewer on the surface of 
the flushing- water. But the case is va- 
ried and a new issue joined when the 
house to be dealt with might, by courtesy, 
be termed a mansi07iy and when some ten 
or a dozen of the family, and a retinue of 
servants — steward, butler and under-but- 
ler, housekeeper, footman, cook, scullery- 
maids, still-room maid, house-maids, and 
odd men — are all in residence. The grease 
introduced into the drain under these con- 
ditions is, to say the least, enormous, and 
its passage into the house-drain is facili- 
tated by a plethora of hot water, and by 
careless or thoughtless scullery-maids 
who will not take the trouble to scrape off 
any superlying grease from the interior of 
the pans before cleansing them for next 
usage. 

*' Given a six-inch, well-laid drain-pipe, 
with a clear out-go inside, free from ob- 
structions due to unequal collaring, and 
even smooth as salt glaze or glass glaze 
will make it, is it to be supposed that be- 
cause such a drain will work well in a 
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small house that it is certain to do so with 
a. residence of any size— a hotel, or club, 
and the like ? I venture to think not, 
and the difficulty is in no way obviated by 
enlarging the size of the drain ; indeed, 
it is then very often increased, because 
there is more surface for the grease to 
cling to when the wetted perimeter of the 
pipe is enhanced during a sudden flushing 
of the drain, intentionally or during a 
storm. ... 

" If, in all cases, the scullery-sink were 
npar to the outfall into the sewer, for 
instance, close to the front area, and a 
properly built disconnection chamber, 
one might perhaps venture, even in a 
large establishment, to rely upon the fat- 
laden water being driven to the sewer. 
But, unfortunately, in the bulk of houses, 
and in large mansions especially, the scul- 
lery-sink is situated at the far end of the 
premises, sometimes a hundred feet or 
more away from the flap in the sewer. 
And if it be a risk to take when the house 
is a small one, the family few, and the 
drain a short one with a splendid fall^ 
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that every particle of grease shall reach 
the sewer^ what shall be said when the 
drain is a very long one, the gradient bad 
and cannot be improved, and the residence 
at a palatial figure ? Surely here some 
provision must be made for grease inter- 
ception, plus the sand factor." 

The grease- trap may be placed either 
within the house, in the basement or 
directly underneath the sink, or else out- 
side the house. The latter arrangement 
is much the best, provided the distance 
from the kitchen sink to the grease inter- 
ceptor is not too great, otherwise the 
grease would congeal on its way to the 
interceptor. A circular tank made of 
bricks, laid in hydraulic cement, should 
be constructed of dimensions depending 
somewhat upon the size of the house. It 
should be large enough to allow the water 
time to cool. Its overflow-pipe consists 
of a quarter bend, or better, of a T branch, 
dipping at least six inches below the water- 
Une, in order not to disturb the grease in 
the intercepting tank. This grease-trap 
should he frequently cleaned and inspected. 
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The grease, floating on top of the water, 
can easily be removed. Efficient ventila- 
tion by a large vent-pipe should be pro- 
vided. Wastes from kitchen and pantry 
sinks only should discharge into the 
grease-trap. 

If inside of the house and in the base- 
ment, the grease-trap may be made of 
earthenware, of wood lined with heavy 
lead, or of copper. But such a grease- 
trap in the basement cannot be recom- 
mended. 

If directly under the sink it may be 
made of enamelled or galvanized iron, of 
copper or of crockery ware. A number 
of patented sinks have an iron receptacle 
for grease immediately below and attached 
to them. It is doubtful whether these 
tanks under sinks can be made of suffi- 
cient size, without becoming clumsy, to 
:allow the grease to cool and congeal. 
Unless properly attended to — and the 
kitchen-sink is liable not to be kept per- 
fectly clean by the servants — grease-traps 
inside of a house constitute, in my opin- 
ion, cesspools on a small scale, holding 
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fatty waste matters which readily become 
putrid and offensive. If there is no con- 
venient place for an outside grease-trap, 
better use none at all and trust to the 
action of the alkalies to **cut" the grease 
in the pipes. A valuable cleansing agent 
for pipes, where the use of a grease-traj) 
is omitted, may be found in occasional 
flushing with hot solutions of common 
washing-soda, or, better, of potash. 

SLOP-SINKS AND SL0P-H0PPEE8, 

We have hitherto considered only those 
fixtures which receive foul water unmixed 
with discharges from the human system. 
Slop-sinks and slop-hoppers, as well as 
water-closets and urinals, intended to con- 
vey to the drain these foul discharges, 
are more liable to become filthy outside 
and inside, unless carefully kept and 
used. 

Slop-hoppers are provided on bedroom 
floors to enable servants to empty cham- 
ber slops into them. They must be 
flushed, after each use, by a suflBcient 
quantity of clean water from a cistern, 
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or else at frequent interrals by automatic 
flush-tanks, to expel the foul water from 
the trap and to wash the inner sides of 
the hopper-bowl or sink. Considering 
the character of the foul water poured 
into such vessels, an eflBcient flush is fully 
as necessary for them as it is for water- 
closets or urinals. 

Slop-sinks are made either of enamelled 
cast-iron or of earthenware. Their out- 
let should always be provided with a fixed 
strainer to prevent any obstruction of the 
trap or the soil-pipe by carelessly-intro- 
duced articles, such as scrubbing-brushes, 
etc. 

Instead of a deep sink a combination of 
a sink and a hopper, such as Merry's slop- 
hopper sink, is sometimes used, and, if 
provided with a strainer, it will answer 
very well. 

An earthen bowl, with improved flush- 
ing-rim, placed on top of an iron or lead 
hopper, will make a cleanly device. The 
neatest arrangement is a slop-sink, made 
in one piece of earthenware, enlarged at 
the top to a square sink, and provided 
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with a flasliing-rim and libtMal supply of 
hot and cold water. 

Slop sinks and hoppers should be treated 
in their external finish similar to kitchen- 
sinks and water-closets. Air and light 
should find easy access to them; there 
should be no tight woodwork around the 
apparatus with the usual amount of dust 
and untidiness. The floor may be of 
white tiles or of cement, and the walls 
may be laid with tiles or with enamelled 
bricks. 

If water-closets without movable parts 
(hopper and washout, closets) are fitted 
up without woodwork (except the seat), 
they may also serve the purpose of a slop- 
sink, provided the flush is not forgotten 
after emptying slops. The practice of 
using pan, valve or plunger closets, to get 
rid of chamber-slops, is decidedly objec- 
tionable. These closets are necessarily 
encased in woodwork, which becomes im- 
pregnated with the foul water, carelessly 
emptied and often spilled. In the case of 
valve-closets, the overflow-pipe^ from the 
bowl is befouled, and the same is true 
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of the plunger-chamber and overflow of 
plunger-closets. 

URINALS. 

No fixture is so liable to become un- 
clean and foul smelling as a urinal, owing 
to the rapid decomposition of the urine. 
A small amount of splashed urine is apt 
to become quite offensive. Urinals, 
therefore, require a very liberal amount 
of flushing-water, running either in a 
constant stream, or else delivered auto- 
matically through flush-tanks at frequent 
intervals. The material for urinals 
should be non-absorbent and non-corro- 
sive. 

Swinging and lipped urinals have been 
much used in modern j>rivate residences, 
but I should certainly advise doing away 
with them entirely, as a properly-con- 
structed water-closet may safely take 
their place. 

For oflBces, however, and public places, 
such as hotels, schools, railroad depots, 
places of amusement, etc., they become a 
necessity, but should be under constant 
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supeiTision of a conscientious janitor, 
and should receive a thorough cleaning 
with hot water and soap at least once a 
week, and preferably of tener. The venti- 
lation of urinal apartments should also, 
for reasons stated above, receive careful 
attention. 

Three kinds of urinals are in use — viz., 
single-lipped bowls, fastened along a 
wall, or in corners, and generally known 
as ** Bedfordshire " urinals ; urinal 
troughs and round urinals. 

Lipped urinal bowls are made in 
earthenware and of enamelled iron ; the 
latter, however, cannot be recommended, 
as the enamel is apt to scale off, leaving 
the iron to corrode quickly. A number 
of porcelain-lipped urinals are frequently 
placed along a wall, with board, slate, or 
marble partitions between them. They 
are sometimes flushed by a stop-cock, 
to be turned by hand, but this is a very 
unsatisfactory device. Not only is the 
opening of the stop-cock frequently neg- 
lected, especially in public places, bi?*^ 
flush diriectly from the supply-pi^ i 



«iy r!a.se ciie §;.*L» >>x iJe nrinaL If lo- 
ea&:«i iji apper icorJe«« toe prasnie is al 
c.ni«f)^ :iL5atSi:ieac zo lH like ]Kpes, and air, 
pi.rt^'jf5 :;iiaae«i ;&ud lilLed with didease* 
bretfdiuz g^^^L^« cDifcT be sucked into the 
sapp^v-pipes oa •.•peoinz the stop-oock. 

A ULucii bec:er flash can be obtained 
by <upp!j::ig tia!^!l lag- water to the nrinal 
trtjm A speouil eiscem. worked by chain 
and k;iudle. For public places, how- 
ever, where urinals are so largely nsed, I 
consider an aatomatic flushing arrange- 
meut as being much superior. This may 
}je accomplished bv operating the flushing 
cistern from tlie door leading to the 
urinal; or else a treadle-action flushing 
apparatus may be used. Both arrange- 
ments are liable to get out of order, and 
preferable to either are siphon-tanks, such 
as Field's annular siphon-tank, Guinier^s 
Hi[)lion-tank, Hyde's flush-tank, Rhodes' 
fluHliin;^ cistern, Doul ton's automatic flush- 
in;(-tank, Jennings's flushing-jar, Bold- 
in^^^'s self-acting nrinal cistern, or tilting 
tanks, such as McFarland's and others. 
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Modified forms of the Bedfordsliire 
urinal have recently been manufactured 
both in England and in this country, 
which seem to possess many advantages 
over the common forms, the bowls being 
shai)ed so as to hold water (similar to 
a wash-out closet) to a certain depth. 
Such improved urinals are, for instance, 
Stidder's urinal, Tylor & Son^s flushout 
urinal, the Armstrong urinal, and others. 
In such bowls the urine is immediately 
diluted with water, and consequently it is 
much easier to keep the bowl clean by 
frequent automatic flushing. 

Urinal troughs are made of wood lined 
with lead, or of galvanized or enamelled 
cast-iron, or else of slate or stone. 

Round urinals are adapted to out-of- 
door location, in parks, etc.; they have a 
large circular bowl, holding a body of 
water, with a number of projecting lips 
around its circumference, separated by 
suitable slate partitions. A constant 
stream of water should trickle into trough 
or round urinals, in order frequently to 
change the water in the bowl, and to se- 
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onre an immediate and thorough dilation 
of the urine. 

A modification of the trough urinal is 
sometimes constructed as follows : The 
back wall of the urinal apartment is suit- 
ably j)repared so as to be impervious and 
non-absorbing. No material is better 
than sljite or glass for this purpose. A 
horizontal supply-pipe of copper or brass 
is fastened to the wall about five feet 
from the floor, running from one end of 
the trougli to the other. It is provided 
with a large number of openings, or some- 
times with a water-spreader, from which 
the water is constantly trickling down the 
walls. The floor should be made equally 
impervious, and should have a gutter 
with sufficient fall to carry off the water 
mixed with urine. The whole floor 
should be constructed sloping toward this 
gutter. Suitable stands or gratings are 
sometimes provided at the stalls, which are 
separated by marble or slate partitions. 
The outlet in the gutter must be provided 
nth a strainer to prevent obstructions 
f the trapped waste-pipe attached to it. 



161 

A gntter-nrinal^ constructed under di- 
rection of Mr. Edw. S. Philbrick, C.E.^ 
at one of the buildings of the Massachu- 
setts Institute of Technology in Boston^ 
seems to deserve special mention. The 
aim was to present vertical surfaces cov- 
ered by flowing water, without, however, 
increasing the waste which a constant flow 
would produce. Over each urinal-stall is 
placed a tank op'^i'ated by treadle-action. 
A sprinkling-pipe, perforated with holes, 
is extended across the back-slab, 4 feet 
above the floor, and is connected with the 
cistern by a small pipe. As soon as the 
urinal is used the tank- valve is opened 
by treadle-action, and immediately water 
flows over the whole surface of the slab 
below the level of the sprinkling-pipe. 
If the person leaves the flow of water 
stops at once. The whole of the reiir 
wall and the gutter or trough at the foot 
of each stall are made of soap-stone. Slabs 
of slate would have been preferable; but 
best of all for such rear walls of gutter- 
urinals is undoubtedly thick glass. 
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WATER CLOSETS IN GEKBRAL. 

The most importanfc and useful plumb- 
ing fixture in a house is the water closet. 

Water-closets should be in all houses 
that make any pretensions towards con- 
venience. That they are a vast improve- 
ment over the old-fashioned, offensive 
privy-vault in the back-yard everybody 
will acknowledge. But it is equally true 
tliat, unless of a good pattern, properly 
fitted up, properly used, carefully watch- 
ed, and frequently cleansed, they may be- 
come not only the sources of foul smell, 
bnt also the cause of disease. 

Leaving aside the question of the pol- 
lution of the soil and of well-waters, of 
which the privy-vault must sooner or 
Liter be the cause, it is in itself a nuisance 
and an abomination. In cold weather 
and during rain-storms persons are liable 
not to use it when they ought to, and 
trouble of the digestive organs is sure to 
follow, as every physician knows. This is 
especially the case with females and with 
delicate children. Sick persons and in- 
valids may suffer severely from exposure 
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to the wealhor. Add to this the often 
unbearable stench emanating in hotweath* 
er from such vaults, and it will i)e read- 
ily seen how superior in point of conve- 
nience, health, and cleanliness a well-kept 
indoor water-closet is. 

There are other improved devices for 
receiving faecal matters, such as earth- 
dosets, ash-closets, tubs, or ])ail8, which 
ure far preferable to privies, and should 
be recommended wherever water is scarce; 
but these do not proi)erly belong to my 
subject, which refers only to the '^ water- 
carriage" system. 

There is an endless list of water-closets, 
and each year increases the number of 
newly invented and patented articles. It 
is, of course, impossible, nor is it even 
desirable, that this book should give a 
comT)lete description of all of them. I 
shall limit myself to describing the chi0f 
features of the various iypes of closets, 
without mentioning examples of each type. 
After reviewing the different ty})es of 
water-closets in use, we shall speak of 
the general arrangement of the water- 
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closet apartment with respect to light 
and air. 

The essential points to be considered in 
examining water-closets are : the material 
and shape of the howl or vessel receiving 
f cecal matter ; the apparatus for discharg- 
ing the contents of the botol ; the manner 
of trapping the water-closet ; the manjier 
of flushing the hoiol and the trap, and the 
ventilation of the water-closet. 

The best material for water-closets wonM 
be glass, and it is to be hoped that the 
manufacture of annealed glass may be 
soon improved sufficiently so as to allow 
of making glass water-closets as well as 
other glass plumbing fixtures. 

However, good earthenware or glazed 
stoneware answers well enough the pur- 
pose. Iron closet-bowls should be en- 
amelled or porcelain-lined, to prevent 
ronglmess from rusting. Iron bowls lined 
with glass are used with some kinds of 
closets. 

The smoother the surface of a closet- 
bowl, and the less surface a water-closet 
has exposed to fouling, the cleaner and 
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better will it be. All foul dischargcg 
should pass into water as quickly as pos- 
sible. Thus the fouling of the sides 
of the vessel will be efticiently prevented 
and the water will have a tondeiKjy to deo- 
dorize the excrements. All water-closets 
holding a large body of water in the howl 
(valve and })lunger closets, washout -clos- 
ets, and latrines) have this advantage. In 
other closets, where the body of water is 
in the trap (hoppers), this hitter should 
be as near as possible to the bowl (short 
hoppers are preferable on this account), 
and the rear side of the vessel should be 
designed nearly vertical and straight, to 
prevent foul matter from soiling the bowl 
before passing into water. 

A further roquirenient is (lifnflfilift/ 
and simplicity of tha vwrkiutj up para fax. 
The less moving parts a wtiter-closot lias 
the better will it be. We must bear in 
mind the rough usage to which suuh 
fixtures are sometimes subjoftcd, espe- 
cially in public places. Com|)lica(o(l or 
delicate mechanisms froquoiitly got out 
of order or fail to work ])roporly under 
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children's or servants' hands. Nobodj 
can deny that, so far as this point is con- 
cerned, liopper and washout closets are 
vastly superior to pan, valve, and plunger 
closets. 

Each water-closet should be separated 
from the drain or soil pipe by an efficient 
trap, placed either above or below the 
floor, and protected, whenever necessary, 
against siphon age. I consider one good 
trap as entirely sufficient, and do not 
have much faith in the additional water- 
seal afforded by the water in the pan of a 
l)an-closet, or the water in the bowl of a 
valve or plunger closet. The copper pan 
quickly corrodes through the aotion of 
sewer-air in the container, and the flap- 
valve gets leaky in time, while with plung- 
er-closets flushed from a cisteni the bowl 
may lose its water if the outlet is im- 
perfectly closed, as may happen when 
paper remains clinging to the seat of 
the plunger. Washout-closets are some- 
times provided with a double trap, which 
is an obstacle to a proper flushing, and 
which may accumulate filth in the hidden 
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and usually unvcMitilated space between 
botli traps. I consider a double inij) as 
unnecessary here as on the nniiu house- 
drain. Washout-closets, the basin of which 
is shaped so as to form an efficient trap, 
and short-hopper closets with trap above 
the floor, should not have a second trap 
(of either iron or lead) underneath. 

The contents of a vmter-rhset trap 
should he thoroughly chaiufed at each vse 
of the closet, which can be accomplished 
by an efficient and liberal flush. Thi» 
leads us to consider the supply of water 
to such apparatus. 

FLUSHING OF WATER-CLOSETS. 

A water-closet should have a copious' 
aupply of water completely to wasli at 
each use the bowl and trap as well as 
til surfaces coming in contact with foul 
matter. I do not, however, wish to be 
understood as favoring reckless waste, for 
it is well known that allowing the water 
to run continuously througli a water- 
closet cannot be legarded as flush ivy. 
Two or three gallons properly applied at 
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each use will cleanse a water-closet more 
thoroughly than an uninterrupted, trick- 
ling flow of water. In order to be effi- 
cient tlie fltishing-ioater should come down 
*' in a sudden dash.^^ To make the flush 
effective the supply-pipe from the cistern 
to the bowl sliould be of large diameter, 
never less than 1 inch, and increasing up 
to 1^ inches as the head (or height of bot- 
tom of cistern over the bowl) diminishes. 
The force of the flush largely depends 
upon the shape of the bowl and upon the 
head of water available in each case. 
With closet-bowls circular in shape a 
flush introduced in the direction of the 
tangent will whirl around its circum- 
ference, loosing its force without effecting 
much cleansing. An oval bowl provided 
with a fan- flush is a vast improvement. 
Square or " French " bowls with flushing- 
rim are used occasionally. The best bowls 
are those provided around the upper edge 
with a proper '^ flusJiing-rimy^ into which 
the water from the supply-pipe enters sim- 
ultaneously at all sides, and is directed so 
as to rush vertically downward, thorough- 
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ly washing the sides of the closet, and re- 
taining sufficient force to expel the foul 
contents of the water-closet trap. 

To flush a water-closet from the main 
supply-pipe of the house is decidedly ob- 
jectionable, especially with closets located 
in upper stories of city houses. If water 
is drawn from a faucet in the basement 
tiie pressure is often reduced so much as 
to create a slight vacuum in the upper part 
of the pipe. If the valve of a water- 
closet happens to be opened at such times, 
air, if not foul matter, rushes into ihe 
pipe from tiie bowl ; thus the purity of 
the drinking-water is endangered, while 
the closet remains without a flush. This 
risk can be partially avoided by the use of 
a check- valve on the supply-pipe to tlie 
closet- valve. Such check-valves, however, 
are not always reliable, and often fail to 
shut properly. 

Water-closets should he flushed from 
flushing-tanks, 7iever directly from the 
main supply-pipe. Cisterns intended for 
storage of water to be drawn for drinking 
and cooking purposes should not be used 
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for flushing water-closets. In all eases 
tlie use of a special cistern for each closet 
or for a group of closets is recommended. 
Such water-closet cisterns are manufac- 
tured in great variety by all water-closet 
makers. 

They are supplied with water either 
from the rising main or the large tank in 
the attic, hy ball-cocks, made sufficiently 
strong to withstand the maximum pres- 
sure of water. In their simplest form cis- 
terns have only one compartment, with a 
pipe attached to their bottom, leading to 
the closet, and with a valve at the outlet 
of the cistern, operated by a chain and 
lever. An overflow-pipe is provided to 
prevent accidents through leakage of the 
ball-cock. Such tanks are only adapted 
to hopper-closets, and should not be used 
where water is scarce, as with them a 
large waste is likely to occur. 

Closets holding water in the bowl 
(pan, valve, plunger, and washout closets) 
require an " after-flush " to refill the 
bowl, and the cisterns should be provided 
for such purpose with a service-box, 
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holding a certain quantity of water. The 
outlet from the cistern to the service-box 
must be closed by a large-sized valve, in 
order to secure a quick filling of the ser- 
vice-box. 

Cisterns arranged with a view of pre- 
venting the waste of water are desirable 
wherever the water-supply is apt to be- 
come scanty during the hottest and cold- 
est months of the year. They have, in 
this case, three compartments — a large 
tank, supplied by a ball-cock ; a measur- 
ing-cistern, holding the quantity of water 
fixed for each flush, and a service-box for 
the after-flush. 

Water- waste preventers for hoppers, 
however, require only two compartments, 
the receiving-tank and the measuring-cis- 
tern. 

Water-closet cisterns are operated 
either by the common pull-up arrange- 
ment, a handle being connected to one 
end of a lever, the fulcrum of which is 
firmly secured to the floor, while the 
other end of the lever is connected by a 
brass safety-chain to the lever operating 
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the cistern-valve. Such an arrangement 
is common for pan, valve, and plunger 
closets. Or else the lever and valve in 
the cistern are operated directly by pull- 
ing down a chain with tassel or ebony 
handle, which arrangement seems best 
adapted to hoppers and washout closets 
(jind slop-sinks). 

An automatic "seat arrangement" — in 
other words, the operating of the cistern 
by a depression of the seat through the 
weight of tlie})erson — seems most suitable 
for public places, schools, factories, etc., 
where people using the closet are apt to 
forget to attend to the flushing. With 
the seat arrangement cisterns with double 
compartments and double valves must be 
used. A service-box is attached to the 
cistern for closets requiring an after- flush. 
Tlie depression of the water-closet scat 
opens the valve from the cistern to the 
measn ring-box, which latter quickly fills ; 
relieving the seat of its weight causes the 
valve to close, and the outlet of the mea- 
suring-box to be opened, allowing the con- 
tents of the latter to rush into the water- 
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closet bowl. As the valve closing the 
outlet of the measuring-box is of large 
size (generally 4 inches), the water rushes 
into the service-box quicker than it passes 
out through the IJ or 1^ inch supply- 
pipe, thus securing to the bowl the after- 
wash. 

A different automatic flushing arrange- 
ment, operated from the seat, is the fol- 
lowing : A closed iron tank, able to with- 
stand heavy inside pressure, is placed at 
the usual height above the closet. It is 
supplied directly from the supply-pipes 
through a valve,.which, ordinarily, is kept 
closed by a weighted lever. If a pressure 
is brought on to the seat, a rod, connect- 
ing the seat and the lever, opens the valve, 
and water flows into the vessel, compress- 
ing the air contained in the vessel. Be- 
lieving the seat of its pressure causes the 
direct supply- valve to close, while it opens 
a valve leading from the tank to the 
closet- bowl. The water rushes down with 
considerable force, effectually washing 
bowl and trap of the closet. 

The annoyance frequently caused by 
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the leakage of cistern- valves has led to 
the invention of other forms of water- 
closet cisterns. 

A flushing-cistern, lately introduced 
into this country, is very simple and 
efficient in its action. It contains an 
annular siphon, very much like Kogers 
Field's siplion. The inner limb (usually 
of cast-iron) is firmly fastened in the cou- 
tre of the cistern, passing through iis 
bottom, where it is connected with the 
Bupply-pipe to the closet-bowl. The outer 
limb, made of copper, with a dome head, 
allows of a vertical movement around the 
inner limb, this movement being effected 
by a lever, working in a slot, one end of 
which is attached to the outer limb of 
siphon, while the other carries at its end 
a counterweight. A chain is attached at 
that extreme end of the lever holding the 
siphon, and the cistern is operated by a 
handle attached to the chain. By sud- 
denly pulling downward the copper limb 
of the siphon water is forced over the top 
of the inner limb and tiie siphon started 
at once. The outer limb is held down by 
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the suction until all water is discharged, 
when the counterweight brings the siphon 
into its original position. The tank is 
supplied with water by a ball-cock, rising 
witli the water ; the inner limb serves as 
overflow-pipe and renders a special pipe 
for that purpose unnecessary. 

Another water-was te-preventnig cistern 
is provided with a common siphon- 
pipe, the longer limb of which passes 
through the bottom of cistern and 
leads to the water-closet bowl. Near the 
hottom of the cistern a branch pipe leads 
into the longer limb, reaching to within a 
few inches from the level of the water in 
the cistern, where it is closed by a valve. 
This valve is attached to one end of a 
lever, the other end of which is operated 
by a chain with handle attached. To 
flush the closet the chain is pulled, open- 
ing the valve, and thus water flows 
through the connection-pipe into the 
longer limb of siphon, causing a partial 
vacuum, which starts its action. The 
siphon continues to discharge until the 
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contents of the cistern are withdrawn, 

when it completely breaks. The cisterns 

described do not give (in their usual 

shape) an after-flush, and are consequently 

only suitable for hopper-closets, slop-sinkr, 

or urinals. 
Among automatic arrangements for 

flushing water-closets I mention flush- 
tanks working on the principle of the 
siphon, or tanks working by gravity, 
prominent among the latter being McFar- 
land's til ting- tank. They are useful in 
railroad depots, schools, large factorie's, 
places of amusement, and in exposed 
localities where standing water would be 
apt to freeze. Such tanks collect a con- 
tinuous driblet from the supply-cock 
until filled, their capacity being propor- 
tioned to the number of closets, and then 
discharge the full contents at once into 
the bowl (see chapter on flushing ap- 
pliances). 

The question of ventilation of water- 
closets will be referred to later in speak- 
ing of the general arrangement of water- 
closet apartments. 
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A properly trapped tvater-closet, pro- 
vided with a good flush from a special 
cistern, with a flushing-rim howl of im- 
proved shaped located in a well'Ventilafed 
apartment, judiciously used and well 
taken care of, should he inoffensive to 
sight or smell. 

TYPES OF WATER-CLOSETS. 

Bearing in mind the general princij^les 
just stated, we will now examine the va- 
rious types of water-closets. There are 
six distinct classes, viz.: pan-closets, valve- 
closets, plunger-closets, hopper-closets, toash- 
out-closets, and trough-closets {latrines). 

These types are illustrated in Fig. 3 
and Fig. 4. The closets shown, however, 
are not intended to illustrate any manu- 
facturer's special make ; they merely re- 
present the various types of closets, 

A shows the pan-closet, flushed by a 
Yalve, supplied directly from the rising 
main, its bowl being closed by a pan, held 
in place by the counterweight, ihe closet 
outlet being trapped by a large D-trap 
under the floor. 
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B is an illustration of a valve-closet 
with cistern-flush, the bowl having im- 
proved flushing-rim and a special trapped 
overflow- pipe, and being closed by a flap- 
valve held in place by the counterweight ; 
the container is provided with an escape- 
pipe for foul gases, and the S-trap under 
the floor has a vent-pipe attached to pre- 
vent the loss of its water by siphonage. 

C is a plunger-closet with improved 
flushing-rim bowl, supplied with water 
from a cistern, the outlet of the closet 
being on one side and closed by a plunger 
working in a chamber, and to be operated 
by knob and pull. The trap is above the 
floor, and provided with a hub to attach a 
vent-pipe. 

While these three closets are operated 
by more or less complicated machinery, 
the three following types are free from any 
movable parts : 

D is a long flushing-rim hopper having 
an S-trap under the floor. 

E is a short flushing-rim hopper with S- 
trap above the floor. 

P is a washout-closet, holding water in 
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the basin, which is shaped so as to form a 
trap. 

Fig. 4 shows the general characteristica 
of a trough-closet (latrine). 

In the following pages we will briefly 
discuss the chief features of each type of 
closets. 

PAN-CLOSETS. 

The name * Waive" closet given to 
many closets of this type is an improper 
one, and leads to confounding these closeta 
with those of the second type. The name 
is derived from the usual manner of sup- 
plying the flushing- water to the closet by 
joining the supply-pipe to a more or lesa 
slow-shutting valve, worked by the pull or 
handle of the closet. These valves are 
unreliable, wear out, and leak, especially 
when subjected to varying pressure from 
the street-main. Pan-closets may, how- 
ever, be flushed by a special cistern with 
lever arrangement, and therefore the 
above serious defect is not one characteris* 
tic to this kind of closets. 

The real defects of the pan-closets will 
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be at once apparent by inspection of Fig. 
3A. The excrements are received in a 
bowl closed at the bottom by a copper 
pan, holding a few inches of water and 
forming a seal against the air from the 
container. The contents of the bowl or 
pan are discharged by tilting the pan by 
means of a lever, while a flash is started 
simultaneously. This pan works in an 
iron receiver or "container," upon which 
the bowl is usually fastened with putty. 
The outlet of the receiver is trapped by 
the common S-trap, although it is not un- 
common to find in old houses a D-trap 
under the water-closet, a second "con- 
tainer" of foul matters. The foulest part 
of the pan-closet is the receiver, for the 
solids gradually accumulate on its sides, 
as these receive no washing from the flush. 
The filth soon undergoes decomposition, 
and the resulting gases, having been con- 
fined by the double water-seal of the pan 
and the trap, are expelled into the apart- 
ment at each use of the closet. They also 
frequently find an exit at the hole 
through which the spindle tilting the 
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pan passes. Aud, finally, the putty-joint 
between bowl and receiver may become un- 
tight and afford means for the passage of 
sewer-air. The flush is, as a rule, insuf- 
ficient to clean the bowl ; it certainly 
loses all its force before reaching the 
container; foulness accumulates here and 
excremental matter lodges in the trap, as 
the flush IS not strong enough to drive it 
out through the dip or water-seal. 

Some of the enumerated defects may be 
obviated by enamelling the inside of the 
cast-iron receiver ; by ventilating it by 
an inlet-pipe for fresh air and a vent-pipe; 
by having special flushing arrangements 
for the container ; by using a bowl with 
an improved flushing-rim or a fan-spray, 
the water for the flnsh being derived from 
a special tank. But by all these costly 
improvements the only merit of the pan- 
closet, its cheapness, is annihilated, and a 
better water-closet may as well be used. 
As long as a house is fitted with pan-closets^ 
, of whatever patter n^ it may be said not to 
have reached the standard of safety from a 
sanitary point of view. 
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VALVE-CLOSETS. 



The valve-closets (Fig. 3B) are cer- 
tainly a vast improvement upon the pan- 
closet. Instead of being closed by a pan, 
the bottom of the bowl is closed by a flap- 
valve, from which the closet takes its 
name. This valve is tightly held in place 
by a counterweight on a lever, to which 
the pull is attached. By lifting the pull 
the valve, which is hinged, is turned down- 
ward, and allows the contents of the bowl 
to drop into the trap. The container is 
much smaller than in the case of pan- 
closets. It generally has a ventilating- 
pi[)e to remove foul gases. The bowl 
holds a large quantity of water, into 
whicli the solids are dropped and instant- 
ly deodorized. It is provided, with some 
of the best closets of this type, with a su- 
perior flushing rim, and is flushed by a 
special cistern. As the flap closes tightly 
against the bottom of the bowl, this must 
be provided with an overflow, which should 
have a trapped connection to the container. 
Unless some water ia ivirniahed to this trap 
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at each flush it is liable to lose its seal by 
evaporation, thus establishing a direct con- 
'nection between the container and the at- 
mosphere of the water-closet apartment. 
Such driblet to the trap of tlie overflow is 
supplied at each flush in the better valve- 
closets. There is some danger of the foul- 
ing of the container. To prevent this 
the better closets have the inside of the 
container enamelled, and as a larger body 
of water rushes from the bowl through 
the container at each discharge, the dan- 
ger is much less than with the pan -closet. 
If such closets are fluslied from a valve 
the solids will be driven out of the closet- 
trap only after repeated flushing. Better 
closets of this class have suitably-arranged 
cisterns, which deliver quickly a large 
body of water to bowls witli improved 
flushing-rims, and thus the danger from 
foul matter being retained in the trap is 
much reduced. After continued use the 
flap- valve is liable to leak ; excrements or 
paper may stick to it and prevent its tight 
closing, and all water will leak out of the 
bowl. Thus the additional water-seal \a 
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lost, and the bowl is more liable to become 
fouled. 

The outlet of some valve-closets is 
placed at the side, not at the bottom, and 
is closed by a vertical flap-valve hinged to 
spindle and lever, and held in place by a 
counterweight. Such valves may be less 
liable to be fouled with solid matters and 
may close more tighfcly on this account. 
The water rushing out of the bowl in a 
large body will effectually flush the outlet 
of the closet. 

Otlier valve-closets have sliding-valves 
to close the outlet of the bowl at the side 
or at its bottom. None of these closets, 
however, are used to any great extent. 

Some of the valve-closets do away with 
the trap, and rely for exclusion of sewer- 
air only upon the flap^valve and the water 
in tlie bowl. In speaking of traps under 
fixtures I have already stated that each 
fixture slionld have a trap, and I would 
much prefer dispensing with the addition- 
al water-seal in the bowl than with the 
trap underneath the closet. Such trapless 
closets are not safe, for, should the mech- 
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anism of the flap-valve get out of order, 
tlie house would be entirely open to the in- 
vasion of sewer-air from the soil-pipes and 
drains. 

PLUNGER-CLOSETS. 

The characteristic detail of all these 
(see Fig. 3C) is tiie plunger closing the out- 
let of the bowl, which is placed at the side 
of the closet. The foul matters drop into 
a large body of water in the bowl, are there- 
fore partly deodorized and easily removed 
from the bowl. By lifting the plunger 
the contents of the bowl are rapidly dis- 
charged into the soil-pipe, and the rush 
of the water leaving the bowl is so great 
as effectually to drive all matters through 
the dip of the trap. The latter must be 
eflBciently protected against siphonage, 
which is more likely to occur with plung- 
er-closets than with the pan, valve, or 
hopper closets. The danger with closets 
of this class lies in the fouling of the 
plunger-chamber. Waste matters and 
paper may stick to the seat of the plunger 
or to its sides ; the outlet will then be 
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imperfectly closed, allowing the water to 
leak out of the bowl. Closets having a 
small plunger-chamber are the better ones, 
not only because they will be cleaner, but 
because with large cliambers the waste of 
water must necessarily be large. 

Plunger-closets flushed by a special cis- 
tern require no supply-valve nor float in 
the plunger-chamber, which, therefore, 
may be of smaller dimensions, and hence 
are superior to other closets of this type. 

In some plunger-closets a special spray 
arrangement is intended to wash the sidek 
of the plunger and its chamber at each 
use of the closet, but, while it may be 
efficient, it tends to complicate the closet. 
The better closets of this class provide 
the top of the bowl with an improved 
flushing-rim, or wash the sides of the 
bowl by an effective fan or water-spread- 
er. In order to provide for an overflow 
the plunger is sometimes made hollow, 
and wlien trapped it is so arranged that 
the water forming a seal is renewed at 
each flush. Otherwise it is liable to eva- 
porate; and this is especially dangerous 
with plunger-closets tVvaX. «>x% ^.t^^V'^^'a.. 
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Trapless plunger-closets are not safe for 
same reasons as stated for trapless valve- 
closets. 

In some closets an independent over- 
flow is arranged. The majority of plunger- 
closets are flushed by a valve worked by 
a float in the plunger-chamber. These 
valves are not always reliable, especially 
under varying pressures, and it is much 
better to flush these closets from a special 
cistern. 

HOPPER-CLOSETS. 

There are many vaneties of hoppers, 
made in iron and in earthenware. The 
latter are much preferable, and the for- 
mer should never be used unless well en- 
amelled on the inside. Hoppers are 
either of the ** long " type, requiring a 
trap of iron or lead below the floor, or 
else they are so-called " slioiV^ hoppers, 
with a trap of iron or earthenware above 
the floor. 

Hoppers (Figs. 3, D and E) are some- 
times liable to become soiled at the sides 
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of tlie bi)wl, and for this reasou have not 
become favorites with many. The hop- 
per lacks the advantage of the pan, valve, 
and plunger closets, in which tlie excre- 
ments ini mod lately drop into a more or 
less large body of water, and, thus carried 
in suspension by the water, are easily re- 
moved from the bowl by tilting the pan 
or valve or by lifting the plunger. A 
good practice is to wet the sides of the 
hopper before use ; and whore the hopper 
is flushed by a special cistern such a de- 
vice has been arranged to work automati- 
cally (" preliminary wash "). The rear 
part of a hopper should be vertical and 
straight, so that matters will drop imme- 
diately into the water of the trap without 
touching the sides of the hopper. The 
inside of hoppers should be very smooth, 
and for this reason earthenware is much 
preferred to enamelled iron, because the 
enamel scales off gradually. In order to 
have as little surface as possible exposed 
to fouling, the sides of the hopper should 
be short, which may be accomplished by 
having tlie trap above the floor. The ap- 
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parent greater cleanliness of the pan, 
valve, or plunger closets is simply a delu- 
sion. It is true the hopper will some- 
times have its sides soiled with excre- 
mentitious matter if the supply or the 
manner of flush is inadequate. But the 
defect is in sight ; it shows itself to the 
person using or in care of the closet, and 
it can easily be remedied by proper occa- 
sional application of hot water, soap, and 
a scrubbing-brush. 

Not so with the other closets. The 
dirty matter may be out of sight, but it 
often remains hidden in those parts of 
the closet which are not easily accessible, 
and therefore never cleaned or inspected 
until a leakage occurs, or until some foul 
odor compels the householder to call for 
the plumber. 

The great merit of hoppers lies in their 
simplicity and in the total absence of any 
mechanical parts, which, sooner or later, 
fail to work properly, especially when the 
closet is carelessly used. Much depends, 
with a hopper-closet, upon the manner of 
flush. The practice of turning a stop- 
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cock and thus introducing a f^ble stream 
into the hopper, which whirls around its 
inside, is objectionable. Hopper-closets 
should always be provided with flushing- 
cisterns, allowing a bountiful supply Ho 
rush vertically downward through a large 
supply -pipe and a well-shaped flushing- 
rim, 

A porcelain-seated hopper is a cleanly 
device for hospitals, schools, factories, 
railroad depots, public buildings, etc., 
provided it is well flushed, and only 
where the apartment can be well heated 
in winter, as otherwise, the seat being 
cold, the closet is liable to be improperly 
used. Hoppers with wooden rims for a 
seat attached to the bowl will answer 
better than the above hopper in exposed 
places, the only objection being the possi- 
ble absorption of urine through the wood. 

WASHOUT-CLOSETS. 

I have grouped a number of recently* 
invented water-closets into this last class, 
which I consider, i?i principle, far supe- 
rior to any of tVie o\:\i^y clo^^ta tor the 
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foUowiDg reasons: They are usually made 
m one single piece of earthenware, and are 
entirely free from any movable parts (see 
Fig. 3F). Moreover, the bowl of the 
best closets of this type is shaped in such 
a manner that its outlet or discharging 
limb forms a very efficient water-seal trap, 
thus obviating the necessity of a trap 
under the closet.* All washout-closets 
have their basin so shaped as to contain 
a certain quantity of water ; the advan- 
tages of such an arrangement have been 
already stated. A washout- closet is, in 
fact, only a modified and improved form 
of short or long hopper, and with the 
improved short hoppers the volume of 
water in the basin is generally quite large. 

In England closets of the ^' washout " 
type are preferred of late to other closets, 
and in this country quite a number of 
such closets have been introduced. • 

Different means are employed with the 
closets of this class to effect a discharge 
of the bowl. In many the downward 
rush of water, directed through proper 

• 8ucb closets are really improved short Koppera. 
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flushing-rims^ so as to concentrate its 
main force at the outlet of the basin^ 
drives the contents of the bowl into the 
overflow, and thus into the soil-pipe. In 
others a jet of water is introduced into 
the outlet-pipe and carries all water from 
the bowl, partly by the force of the jet, 
and partly by starting a siphoning action. 
In still otliers a partial vacuum is created 
by different means in the outlet limb, and 
a true siphonage established. 



LATRINES. 

Latrines and trough water-closets are 
frequently used in public places, schools, 
railroad stations, factories, hospitals, mili- 
tary barracks, etc. Latrines (Fig. 4) 
consist of a series of strong stoneware or 
cast-iron porcelain-lined pans connected 
with each other by a suitable vitrified 
or cast-iron pipe at the bottom of the pan 
or bowl, and forming one piece with it. 
At the end of the last section a discharge- 
valve is placed, being an upright pipe in 
which a plunger ^OYV^a, W\^ \a!Oc^\\«sx\j^ 



19:5 



hollow 80 as to serve also as an overflow. 
As the plunger closes the outlet tightly, 
water is held back in the latrines to the 
height of the overflow in the plunger. 
The plunger or discharge-valve is under 
control of a janitor, who raises this plug 
as often as found necessary to empty and 
clean the latrines. The water then rushes 
out of all the bowls with great force and in 
great quantity, and everything is effectu- 
ally carried out of the plunger-chamber 
and trap underneath. Moreover, each 
bowl is provided with a supply-pipe to 
rinse its sides each time the plug is raised. 
As soon as the plug is dropped the boVls 
and connecting pipes fill with water, and 
are in a few moments again ready for 
use. The bowls are generally formed so 
that no excremental matter cjin strike 
their sides; everything drops at once into 
water and is partly deodorized. The only 
part which may get foul in time is the 
plunget-chamber — although this is not 
as likely to occur with latrines as with a 
single plunger-closet. 

Trough water-closets are constructed 
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in different manners, generally of brick- 
work with vertical side-walls and round 
bottom, but sometimes of iron or of 
earthenware, holding a large quantity of 
water, with the bottom of trough in- 
clmed to the end, where the outlet 
is situated, and with a smgle or double 
row of seats placed above them. They 
are frequently flushed with success by 
means of automatic siphon or tilting 
tanks. They are somewhat less expensive 
than latrnies, and fulfil, in many cases, a 
good purpose. 

A good substitute for latrines and 
trough -closets may be found in a number 
of flushing-rim, all earthen hoppers with 
wooden rim attached to the bowl as a 
seat, each provided with a trap, and flush- 
ed automatically either by Field's annular 
siphon-tank or McFarland's tilting-tank, 
as often as desired, the operation of emp- 
tying and flushing the closet being thus 
made entirely independent of the care- 
lessness or forgetfulness of the persons 
using the closet. 
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GENERAL ARRANGEMENT OP WATER- 
CLOSET APARTMEN^TS. 

In speaking of plumbingfixturos in gene- 
ral I have decidedly condtMnned tin? usiuil 
manner of encasing fixtures with tight 
woodwork. While this is objectionable 
with all kinds of plumbing api)aratus, it 
is decidedly bad practice in tiie case of 
water-closets. With a tiglitly boxed- np 
water-closet ventilation is impossible un- 
der the seat; the frequent cleaning of the 
apparatus is neglected, the floor often 
becomes wetted with urine drippings or 
water spilled in carelessly using the closet 
as a receptacle for slops ; tlie filthy liquid 
soaks into the absorbent floor, which 
constantly remains damp and emits un- 
pleasant odors into the apartment. 

As an abundant supply of water is most 
essential to the interior of tlie bowl and 
closet, so is plenty of light and air indis- 
pensable to the outside of the closet. A 
water-closet' should stand free on the floor, 
readily accessible on all sides. The only 
woodwork necessary is tlie seat ; this 
should be without a cover, and can be 
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cannot be secured — and it is seldom pos- 
sible to do so in American city dwellings 
— the apartment should have borrowed 
light, and specitQ means for its ventilation 
should be provided. A dark, unventilat- 
ed, narrow space for a water closet open- 
ing into a dressing-room, or situated off a 
fitaircase-landing, or even close to sitting- 
rooms, is an abomination. In England 
water closets are " constructed inside a 
house with an intermediate vestibule, with 
u cross-current of air, so as to cut off the 
air in the house from that in the closet.*' 
The rigor of the climate in our Northern 
States forbids such an arrangement, but 
in moderate climates it is quite practi- 
cable to locate water-closet and slop-sink 
apartments in a tower connected to the 
main building by a passage or hall, 
which, however, is separated from it by 
double doors, the hall being eflBciently 
ventilated by two windows on opposite 
sides. If located in the centre of the house 
such apartments need sometimes artificial 
lighting by gas, in which case the heat of 
the gas-flame can be utilized to create a 
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constatit draught, and thus to ventilate the 
closet apartment by means of tin or gal- 
vanized-iron pipes extended — independ- 
ently for each apartment — tlnough the 
roof. Fresh air should, in such a case, be 
supplied to the room either by blinds in 
the door or else by keeping the bottom of 
the door about six inches above the floor 
level. 

Sometimes, in order to remove noxious 
gases generated in using the closet, a spe- 
cial vent-pipe is attached to the closet- 
bowl, leading into a constantly-heated 
flue, used for this purpose only ; or else 
an upward draught is created in the vent- 
pipe by connecting it with a chamber, 
in which a gas-jet is burning, and the out- 
let-pipe of which enters the flue or ex- 
tends up to the roof. 

Sometimes the local ventilation is ap- 
plied directly under the seat by using an 
annular flat zinc tube, provided with a 
number of openings at the inner edge, 
and connected to a special flue. 

It would be a serious mistake to run 
such vent-pipes into a kitchen flue, and 
far more so to run them into any othes 
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chimney of a building. There is at times 
a downward draught in these — even in tlie 
kitchen flue, the fire of which may go out 
over-night — and thus offensive gases from 
the closet would be carried into the house. 
Another reason against such a course is 
that small vent-pipes would soon become 
obstructed by soot. The best course, where 
a special flue has not been arranged, is to 
run the vent-pipes along some heated flue 
up to the roof, and terminate their ends at 
a point where they are well exposed to the 
currents of air. These remarks apply also 
to the vent-pipes of containers of pan or 
valve-closets. 

It would almost seem superfluous to 
state that vent-pipes from closet-bowls 
should never enter a soil or waste pipe, or 
a vent-pipe from traps. But such cases are 
not rare, and instances of such perni- 
cious practice — which should be considered 
either as criminal carelessness or else as 
utter stupidity and inability of the me- 
chanic— -are frequently discovered in mak- 
ing sanitary inspections of plumbing work. 

While speaking of the proposed use of 
kitchen flues for vent-pipes of closet-bowls 
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Of containers, I might mention the fact 
that it has repeatedly been proposed to 
utilize the heat of the kitchen chimney 
for the ventilation of soil-pipes by run- 
ning these from above the highest fixtures 
into such heated flue. Such practice is not 
permissible under any circumstances what- 
ever, for theie are at times down-draughts, 
which would force soil-pipe air into the 
house. Besides this, it is well known 
that biicks absorb gases, and would thus in 
time become impregnated with sewer-air. 

For public places, such as railroad de- 
pots, schools, colleges, hotels, etc., where 
water-closets are likely to be used in rapid 
succession at certain times of the day, a 
special ventilation of the apartment is nec- 
essary, even where windows are provided, 
to remove offensive smells from the use of 
the closets, which may arise, however well 
the closets may be trapped and flushed and 
the pipes ventilated. It would lead too 
far to consider in detail the best mea»^s 
for ventilating such apartments. Suffice 
it to say that providing only an exit for 
the foul gases cannot be regarded as ventil- 
ation. To preserve the purity of the at- 
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mosphere in such apartments it is neces- 
sary to introduce a sufficient quantity of 
pure air, moderately heated in winter time, 
and to provide an outlet for the foul air. 
A much-disputed question in locating this 
outlet is whether it should be near the 
floor or near the ceiling. The former may 
have advantages from an economical point 
of view, but from a sanitary point of view, 
which should only be taken into consider- 
tion in the ventilation of such apartments, 
I should always advise locating the outlet 
near the ceiling of the room. 

No amount of ventilation, however, will 
keep the air of the apartment pure unless 
the water-closet is frequently and thor- 
oughly washed and scrubbed. Such cleans- 
ing is much facilitated with the above-sug- 
gested open arrangement of a water-closet. 

The following valuable remarks of Mr. 
Edward S. Philbrick upon this subject 
so fully express my own views that I 
quote them in extenso : *' The location of 
plumbing fixtures in dark corners, under 
stairways, and inclosed closets is always to 
be avoided. Such fixtures, even if of the 
best materials and cVeai^xv, ive^^ t^^cs^ent 
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washing and even scalding to keep them 
sweet:, and the more light and air can be 
admitted to tliom, the more likely will 
the occupant be to enforce such cleanliness. 
The best authorities in England recom- 
mend the location of water-closets outside 
the house walls, in towers or outside ap- 
pendages. The rigor of our climate for- 
bids such an arrangement in the Northern 
States, but they can often be so placed 
near the outer wall of the house as to al- 
low of a window for the direct admission 
of light and air — i,e,, in the same apart- 
ment. This can be done in all suburban 
houses without an undue sacrifice of light 
in the. living and sleeping rooms, though 
city houses can rarely afford anything bet- 
ter than skylight and well- light for them. 
. . . The water-closets on the basement 
floor are generally the source of much 
trouble by injudicious location and subse- 
quent neglect. The rareness of the in- 
spection generally given to such fixtures 
by heads of families renders it all the 
more needful to place them where they 
can be readily and easily cleaned and well 
aired. . . . But however ^ooA t\\^ vx^^^- 
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ratus and however well located, nothing 
will eompensa^e for neglect by the occu- 
pants of the house. Frequent applica- 
tions of hot water and soap are just as 
needful to the surfaces of such fixtures as 
to the bodies of the persons who use them. 
Of course, the woodwork about them 
should be so put together as to be readily 
taken apart without tools by any house- 
maid, to be periodically cleaned and aired. 
What is the custom in this respect ? Ex- 
pensive apparatus is often seen so boxed 
up by screwed and even nailed joineiy 
th:it the spaces so enclosed are practically 
iimccessible iind soon become abominably 
foul from spatterings. The less amount 
of woodwork the better, but by all means 
have the whole so as to be ready of access 
without the need of so much as a screw- 
driver, and let every honse-maid be taught 
the necessity of a regular routine in the 
cleansing operations, scalding and scour- 
ing every surface which has been exposed 
either to the spattering of urine, or even 
to the perspiration of the body. It may 
not be always possible to enforce such 
discipline, but the less it is enforced the 



205 

more important become the items of light, 
air, and simplicity of construction as aid& 
in the same direction. The latter are 
generally under the control of the arclii- 
tcct, and his mistakes of planning entail 
a permanent and incurable evil, which it 
is therefore all the more important to 
avoid. . . . While every aid should be 
given to cleanliness by simplifying the ap- 
paratus, no amount of perfection in this 
respect will avoid the need of constant 
thought and care on the part of those who 
use the fixtures, as well as those whose 
duty it may be to cleanse them. Such 
perfections of apparatus are but aids, and 
though not to be ignored by any means, 
are after all but of little avail if the people 
who use them are reckless and wanton in 
their habits. It is diflScult enough to 
keep such apparatus in good order in pri- 
vate houses where not used by any one be- 
yond the supervision of the head of the 
family, but the trouble increases in a 
manifold ratio where fixtures are applied 
in hotels or public places, or in tenements 
to be used by more than one family." 
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FLUSHING APPLIANCES. 

Flushing-tanks should be provided in a 
system of house-drainage whenever it is 
impracticable to lay the drain at an inclin- 
ation which will secure a sufficient cleans- 
ing flow. The idea underlying most of 
these flusliing arrangements is the accu- 
mulation of a small flow of water — often 
merely a driblet — which continuously run- 
ning, at a sluggish rate, woukl not be able 
to remove deposits in the drain. When- 
ever this water has accumulated to a large 
volume the flush-tank is automatically 
emptied and its contents are driven with 
a sudden rush through the drain. As this 
may be repeateil as often as found neces- 
sary, the inside walls of the drain may be 
kept thoroughly cleansed, and any decom- 
position of organic matter is thus effectu- 
ally prevented. 

Automatic flush-tanks are likewise fre- 
quently used for flushing a number of 
water-closets, urinals, or slop-sinks, and 
even a single water-closet, if in an ex- 
posed locality, where the water in the sqp- 
ply-pipes would be apt to freeze unless 
kept constantly running. It has been al- 
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ready stated that such continnally-running 
driblets are unable to produce an effective 
flusli, but, by collecting the driblets in 
a flush-tank discharging automatically 
when filled, the desired purpose may 
easily be accomplished. 

There are many varieties of flush-tanks, 
such as Field's sii)hon-tank, Adams's pat- 
ent deep-trap autonuitic siphon flush- 
tank, Doul ton's flush-tank, McFarland's 
tilting-tank, Slione's flush-tank, Maguire's, 
Rhoads's, Hydes's, Tvers's, Wilson's, Gui- 
nier's tanks, Jordan's automatic tilting 
flushing- tank, and others. 

Field 8 flush-tank, the invention of the 
well-known English engineer, Rogers 
Field, has been used with success in this 
country. One of his tanks lias a common 
siphon, and is started only by a sudden 
addition of a larger quantity of water. 
The other tank is provided with an annu- 
lar siphon, the outer and inner limb being 
concentric. This tank is started by a 
small trickling flow. It may be con- 
structed of small size, to flush a row of 
hopper closets or urinals automatically. 
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Larger tanks are used for flashing house- 
drains and town sewers, and are also 
adapted for sewage disposal by surface or 
sub-surface irrigation. 

Fig. Oy A, shows a Field flush-tank with 
annular siphon, the tank being of wood 
lined with sheet lead. The longer inner 
limb of siphon reaches into the trapping- 
box suspended underneath, in which the 
water-level is kept about one-sixteenth of 
an inch below the end of the inner limb 
of siphon by means of the second ** aux- 
iliary " siphon. The working of the tank 
is as follows : As soon as the water from 
the faucet has filled the tank so that the 
water rises to the top of the longer (inner) 
limb of siphon, it commences to ovei'flow, 
but is guided by a conical -shaped adju- 
tage to drop clear of the sides, and seals 
the mouth of lower limb. In falling, the 
water carries air with it, which is thus 
displaced and driven out at mouth of in- 
ner limb in trapping-box. A slight vacuum 
is gradually created in the discharging- 
limb sufficient to start the siphon, which 
mpkUy empties the tank. As soon as air 
is admitted tbroug\i t\i^ wvWt V^\Q\\&^Ny 
Jim h of siphon ita aci\.\o\i \^ «X«vv^. ^ 
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the water in the inner limb drops into the 
water-chamber, and the auxiliary siphon 
lowera the water-line in trapping-box 
ibout one-sixteenth of an inch below the 
mouth of inner limb. Air enters at this 
jlace and completely breaks the siphon ; 
the tank is then ready for another dis- 
3harge. The stop-cock can be regulated 
bo fill the tank more or less rapidly accord- 
ing to option. 

McFarland's tank is shown in Fig. 5, B. 
It works by gravity, and is simply a bucket 
hung in a cistern, working in brass jour- 
nals. As soon as filled from a faucet regu- 
lated to let the water in slowly or quickly, 
as desired, the bucket tips over and emp- 
ties the entire contents at once. This 
tank is very well adapted for flushing clos- 
ets, slop-sinks, and urinals. 

REMOVAL OF HOOF, YARD, AND SURFACE 

WATER. 

Upright pipes for the removal of roof- 
water (leaders or conductors), located out- 
side of a house, may be of metal (copper, 
galvanized sheet- iron, or tin); when laid 
inside of a house they should be ol ^«jaX. c^'t 
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wrougbt-iron, and their joints treated in 
all respects as those of soil-pipes. Upright 
leaders should be 3 inches and upward 
in diameter, their size and number being 
in proportion to the amount of roof-water 
to be removed. Before joining the house- 
drain leaders should be trapped, if they 
are of metal and pass near windows, and 
also, in case they are of iron with tight 
joints, if they should open at the top be- 
low or near attic windows or ventilating 
flues. The traps of leaders should be 
placed sufficiently deep in the ground to 
prevent the water from freezing, and the 
water-seal should be sufficient in depth so 
as not to be readily lost by evaporation. 
It is preferable to place leader-traps inside 
the cellar- walls, where they will not freeze, 
and where they can be easily cleaned in 
case of obstruction by solid matters from 
tlie roof-gutters. Tight iron rain-leaders 
do not as a rule require a special trap, un- 
less their top opens near dormitory win- 
dows or ventilating flues. Sometimes a 
leader delivers into the main trap of the 
drain, and thus helps to cleanse the trap. 
A portion of the roof-water should pre- 



211 



ferably be introduced at the head of the 
house-drain. 

Rain-leaders should never be used as 
soil-pipes, nor should they be solely de- 
pended upon 10 ventilate the diain; and, 
on the other hand, soil-pipes should never 
be used to carry rain-water from the roof. 
In making a sanitary examination of the 
Executive Mansion at Washington, under 
direction of Col. Geo. E. Waring, Jr., 
the writer had occasion to see an instance 
of the violation of this I'ule. The main 
soil-pipe in the building was a 10-inch (!) 
cast-iron pipe, which served the double 
pui'pose of receiving the discharge from 
three water-closets, a urinal, a slop-sink, 
and some wash-bowls and bath-tubs, and 
also all the rain-water from the large roof. 
At each rain-fall this large pipe received 
ample flushing, but in times of prolonged 
droughts its inner walls became thor- 
oughly slimed and foul with excremental 
and other matter. In times of violent 
rain-storms the water rushing down the 
10-inch pipe, and passing the branch 
wastes, very likely siphoned all water out 
of the traps, thus leaving the house un- 
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protected against the foul gases of the 
soil-pipe. 

Storm and surface waters from paved 
areas or court-yards should always be re- 
moved by yard-drains of ample size, which 
must join the house-drain by Y branches. 
Such drains should be properly trapped, 
not by the usual objectionable bell-traps 
in the shape of yard '* cesspools," but by 
running traps, with deep seal to guard 
against evaporation, located preferably in- 
side the cellar-Walls, and provided at the 
lowest point of the trap with a removable 
plug, to facilitate the removal of sand or 
obstructions. 

DRAINAGE OF CELLARS. 

It remains to discuss the proper method 
of removal of excessive moisture from the 
soil under and around a dwelling. Unless 
this is properly attended to, cellars of 
houses will be continually damp, the brick 
or stone walls will readily absorb the mois- 
ture by capillary attraction, and an excess 
of watery vapor will fill the house. The 
well-known researches of Dr. Bowditch 
of Massachusetts, and of Dr. Buchanan of 
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England, have clearly established the re- 
lation of excessive soil moisture to certain 
diseases^ notably conHuynption, bronchitis, 
pneumonia, and other diseases of the lungs. 
Dr. Parkes in his admirable "Manual 
of Practical Hygiene " speaks about dis- 
eases connected with moistui'e and ground- 
water as follows : " Dampness of soil may 
presumably affect health in two ways — (1) 
by the effect of the water, per se, causing 
cold soil, a misty air, and a tendency in 
persons living on snch a soil to catarrh 
and rheumatism ; and (2) by aiding the 
evolution of organic emanations. The de- 
composition which goes on in the soil is 
owing to four factors — viz., presence of 
decomposable organic matters (animal or 
vegetable), heat, air, and moisture. These 
emanations arfe at present known only by 
their effects; they may be mere chemical 
agencies, but more probably they are low 
forms of life which grow and propagate in 
these conditions. At any rate, moisture 
appears to be an essential element in their 
production. The ground- water is pre- 
sumed to affect health by rendering the 
soil above it moist, either by evaporation 
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or capillary attraction, or by alternate 
wettings and dryings. A moist soil is 
cold, and is generally believed to predis- 
l)ose to rheumatism, catarrh,and neuralgia. 
It is a matter of general experience that 
most persons feel healthier on a dry soil." 

In order to keep the level of the sub-soil 
water below a certain depth artificial chan- 
nels should be provided laid at that 
depth and sloping towards some proper 
outlet which will remove all surplus water. 
These channels, which carry off only 
clean water, are also called drains (this 
being the original meaning of the \^ord). 

Xear the foundation-walls of the house 
trenches dug for this purpose should 
be filled with loose or broken stones. 
Drains (common tiles) should be placed 
two or three feet below and under 
the cellar-floor, with op^n joints, care 
being taken to prevent any .intrusion 
of earth at the joints by wrapping tarred 
paper or strips of cotton around them. 
The drain can then be covered up and 
buried. The size of the tile-drains will 
depend on the character of the soil. As 
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a general rule IJ-inch tiles are quite suf- 
ficient, except in the case of a spring in 
the cellar, when it may be necessary to 
use pipes of 2 inches, and sometimes even 
larger sizes. 

The only difficulty, from a sanitary 
point of view, consists in finding a proper 
outlet. If the house is a country resi- 
dence with ample ground around it, and 
especially if the land is not level, but 
slopes to some distant valley or creek, it 
is very easy to continue the main cellar- 
drain with a sufficient pitch to some gutter 
or open ditch, into which it may discharge. 

The case becomes difficult with city 
houses, on narrow lots, with no other out- 
let available but the sewer under the 
street. A direct connection between the 
cellar-drain and the sewer is forbidden 
for well-known reasons, and even the 
interposition of an ordinary water-seal 
trap may not be regarded as a sufficient 
safeguard, for during periods of droughts 
the water evaporates, allowing the gases 
from the sewer to pollute the ground un- 
der the house. 
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Th& drain should run into a mason's 
trap with deep water-seal, and filled wiith 
coarse sand or fine gravel ; and before 
joining the sewer the drain sfaonld be 
trapped by a running trap, into which, 
if practicable, a leader should discharge. 
Another arrangement is to trap the cellar- 
drain, and to provide an outlet for gases 
which may force the trap, by a vertical 
pipe, on the house side of the trap, and 
opening on the surface of the ground. 
This is sometimes done when the sewer 
is located in an alley at the rear of the 
liouse, and an open yai'd gully may be 
conuected to the vertical vent-pipe to 
supply the running trap with water. 

It is equally important to have a dry, 
impervious floor in the cellar, which can 
be secured by first laying a base of con- 
crete, upon which a layer of about J inch 
of asphaltum should be placed. This 
makes the floor practically impervious. 
It should then be properly finished with 
a layer of best Portland cement. 

Openings in the cellar-floor connecting 
to the house-sewer are highly objection- 
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aUe, unless trapped by some deep trap, 
the water-seal of which is not easily lost 
by evaporation. In localities subject to 
back-water from tides a flap- valve or ball* 
valve may be required. 

Better than either arrangement is a 
pipe, carried up from the main house- 
drain to the cellar- floor, and closed tight- 
ly by a plug screwed into the outlet of 
such pipe, which plug may be removed 
should it become necessary to carry off 
water from the cellar-floor. 

DAMPNESS OF WALLS. 

In order to prevent dampness of walls, 
that part of the wall below the level of 
the ground should be constructed with 
particular care. Nothing will better pre- 
vent dampness in walls than a '^damp- 
course " of some impervious material. As- 
phaltum is probably best for this purpose, 
though layers of slate in concrete or damp- 
proof tiles are very efficient. If at all 
practicable, there should be a dry area all 
around the foundation- walls in order to 
prevent any dampness in the walls origi- 
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natiiig from the earth surrounding it at 
the sides. If such an area cannot be pro- 
vided a double wall with an air-space be- 
tween inner and outer walls should be 
used. 

RECORD AND PLAN OF DRAINAGE AND 
PLUMBING INSPECTION. 

It cannot be too strongly recommended 
to every householder to keep for future 
reference, for cases of inspection or re- 
pairs and alterations, a complete plan of 
all the drain, soil, and waste pipes in and 
outside of the house, a record of the depth 
of the drain at all principal points, of the 
sizes and material of pipes, of the location 
of junctions, traps, fresh-air pipes, access- 
pipes or cleaning Y's, of all fixtures on 
every floor, etc. 

Frequent inspections of the plumbing 
of buildings are by no means superfluous. 
They are very important in the case of 
public buildings, schools, hospitals, asy- 
lums, jails, hotels, but especially so for 
such buildings as are occupied only a 
part of the year (summer residences, sea- 
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side hotels, mountain resorts, etc.) In 
some cities ^* sanitary associations'* have 
been organized, such as at Newport, R. I. ; 
Lynn, Mass. ; Brooklyn, N". Y. ; Mon- 
treal, Canada; Savannah, Ga., and other 
places. The members in several of these 
associations can avail themselves of the 
services of an inspector of plumbing em- 
ployed by tlie association, in order to as- 
sure themselves by frequent inspections 
of the sanitary condition of the plumbing 
in the house, of its outside drainage and 
water-supply, its ventilation, etc. 

In the case of new buildings the archi- 
tecfs plans should show the exact location 
of the proposed plumbing work, fixtures^ 
supply, soily waste, and air pipes in the 
house. The work should be done accord- 
ing to detailed written specifications, care- 
fully drawn up by the architect or a sani- 
tary engineer, under whose immediate di- 
rection the plumber sl\ould work. It is a 
mistake — but, alas ! how often is it made 
— to give the plumbing work of a new 
building out by contract. The slight 
amount saved in fii*st expense is almost 
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alwaya followed by an increased outdvjr 
for extra work or for repairing and alter- 
ing defects, which appear only after the 
house is occupied. A prudent house- 
owner will prefer to have his plumbing 
done by day labor, by honest, conscien- 
tious plumbers — and these ai'e by no 
means rare, as the universal cry against 
them would seem to indicate — who care 
more about their reputation than about a 
few dollars earned through dishonest and 
careless work. 

PLUMBING REGULATIONS, 

In many of our large cities plumbing is 
now regulated by law. The health au- 
thorities have issued carefully-drawn regu- 
lations for the drainage and plumbing of 
buildings. They require the plans for 
plumbing to. be submitted to them for 
approval and for filing. As the plumber 
proceeds with his >vork it is examined 
from time to time by intelligent inspectors 
appointed by the Board of Health. When 
the work is finished, and before any pipes 
are covered up, a final inspection is made^ 
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including in recent years the testing of 
the pipe-system under hydrostatic pres- 
sure, or with oil of peppermint. 

Such inspections and the enforcement 
of certain rules in regard to details of 
plumbing work will certainly tend to les- 
sen the frequent complaints about bad 
plumbing in houses, and the consequent 
entrance of sewer-air. They will con- 
tribute much toward the lowering of a 
high death-rate, and no city of import- 
ance should be without such regulations. 

Since experts in house-drainage are by 
no means agreed upon many details of 
plumbing work, it cannot be expected 
that any such regulations may as yet be 
perfect. Some of the rules even seem 
ill-advised — for instance, the requirement 
that the top of soil-pipes should be cover- 
ed with a "cowl," or '* return bend," 
which rule entirely ignores the important 
experiments at Kew on the action of ven- 
tilators or cowls. Again, I fail to find 
in any of the plumbing regulations which 
I have seen a rule prohibiting the use 






of Ktiiiiiary a)>plianccs universally ao- 
knowKHlged as bad. Not one of them, 
for insttanoiS oyon advises against the use 
of \\\\\\ worst of all apparatus, the pan- 
olosot. It has always seemed to me that 
suuiturv srionrc had advanced sufficiently 
far to justify Boanisof Health in positive- 
/«/ prtifiibithiff pai)-c1oscts in buildings of 
an\ kind,* 

\\\\\, takon as a whok^ most plumbing 
rouiilatioiKs aiv oxoollent, and cannot fail 
to olovaio I ho >tamlaixl of plumbing work. 

SYSTKM OK UOrSK-DRAINAGE. 

Ki»^. t» ropri'sciits a section through a 
thvollin«^-lu)iis(\ illustrating the essential 
oloinonis of a sysioni of house-drainage. 

A is tiio {^ravol-traj), into which the 
subsoil-drain H discharges, and which 
sorvos to pivvont the gases from the sewer 
from iMUering {\\o d ra-in- tiles and permeat- 
ini;- the collar. The drain B for cellar- 
drainage should bo of common 1} to 2-inch 
tile-drains, laid with open joints, around 

* ThiH was writttMi in 18S4, sinoe which time the writer 
lias seen a number of plninbin^i: refrulations in which pan- 
closets were entin»ly prwhibiteii. 
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which tarred paper or cotton-rags may be 
wrapped to prevent any stoppage of the 
tiles from dirt falling in at the joints. 

C is the house-drain, which should con- 
sist of 4-inch vitrified pipe with well ce- 
mented joints to within 10 feet from the 
cellar- wall. D is the running-trap on the 
maiji drain to disconnect the house from 
the sewer. Into it the rain-leader X dis- 
charges. E is a Y branch, closed with a 
brass trap-screw or a plug, for cleaning 
purposes. F is a fresh-air pipe, 4 inches 
in diameter, entering lihe house-drain 
above the trap, and carried some distance 
away from the house, its mouth being 
hidden from view by shrubbery, and cov- 
ered with a wire basket for protection 
against obstructions. 

G is the 4-inch house-drain, of heavy 
iron pipe, with well-tightened joints, car- 
ried with sufficient fall along the cellar- 
wall to the furthest point, where it re- 
ceives either a soil-pipe or a rain-leader. 

H H are the 4-inch iron soil-pipes, 
which join the iron drain in cellar by Y 
branches and eighth-bends. 'I hey are ex- 
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tended full size through the roof, and 
their outlets 1 1 are protected by strong 
wire baskets. 

J is a small refrigerator which wastes 
into a movable pail. K is the large tank 
in the attic, which is supplied through a 
ball-cock from street-pressure. Its over- 
flow-pipe L is shown trapped by an S-^rap 
with deep seal, and emptying into the 
gutter of the roof. The blow-off N" from 
tank runs down vertically and delivers 
over the kitchen sink. 

M M are small cisterns for flushing the 
water-closets and slop-hopper only, 

are oval earthenware wash-bowls 
with IJ-inch waste-pipes and ovei'flow- 
pipes of lead, trapped by anti-siphoning 
or mechanical traps, and delivering into 
4'' X 2^^ Y branches of the soil-pipes. 

P is a pantry-sink, of heavy tinned and 
planished copper, with overflow and IJ' 
waste-pipe of lead trapped by an anti-si- 
phoning or mechanical trap, and entering 
a Y branch of the soil-pipe. 

Q are slate, cement-stone, soap-stone, or 
ceramic wash-tubs, with lY waste-pipe, 
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properly trapped as before described, for 
wash-bowls. 

R is an all-earthenware flushing-rim 
slop-hopper, trapped by a vented S-trap, 
and flushed from a special cistern. 

S is the kitchen-sink, of galvanized or 
eiuimelled iron, or of earthenware with 
a 1^'^ lead waste-pipe, properly and secure- 
ly trapped. 

T is a bath-tub, of enamelled iron or 
heavy planished copper, or of porcelain. 
It is provided with a standing- waste, and 
trapped by an anti-siphoning or mechani- 
cal trap. 

T' is a small hip-bath of copper, pro- 
vided with overflow and 1^' waste-pipe, 
trapped by a vented S-trap. 

V is a 2-inch air-pipe to prevent the 
siphonage of the water-closet and slop- 
hopper traps. It is extended through 
the roof, and enlarged to a 4-.inch outlet, 
which should be left without any other 
covering than a wire basket. The water- 
closet trap at the right of the bath-tub is 
not shown with a vent, because the water- 
closet is of the improved short-hopper 
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type, holding water to the depth of six 
inches in the bowl, which seal could never 
be broken by siphonage or capillary at- 
traction.* 

W W W are water-closets, the types 
shown being the long and short hopper 
and the washout closets. Each of these 
is provided with a special flushing-cistern 
M M M. 

X X is a copper, cast-iron or wrought- 
iron rain -leader delivering the water into 
the running-trap of the house-drain. 

Y IS the blow-off from the boiler, which 

* The diac^am does not make provii^ioii for vertical air- 
pipep with branches to all traps. As stated in the paragraph 
"Venting of Traps and Trap-Si phonage," it is my opinion 
that such air-pipe is not necessary in off cases, and that in 
many cases the old proverb applies to trap-ventilation: " In- 
ciilit in Scyllam qui vult vitare Chan/bdim.''^ While we try to 
prevent loss of water-seal by siphonage by venting traps, we 
increase the amount of evai>()ration, and if fixtures remain 
unused for several days, the water-seal may be lost, which 
would not happen with an unventilated deep anti-siphon ing 
trap. Other reasons have been given against such trap- 
ventilation, notably the great complication and increased 
cost of the work. Finally, it has been ascertained by care- 
ful experiments made for the Boston City Board of Health 
by Mr. J. Pickering Putnam that simple discharges from 
certain forms of water-closets (plunger-closets) will, under 
certain conditions frequently met in plumbing-work, destroy 
the vater-seal of a well-ventilated 8-trap. Consequently 

trap-ventilation is not a reliable cure in oil cases. 

W. P. G. 
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ifirastes into a Y branch of the iron drain 
in cellar. ^ 

The system described and illustrated 
differs from the methods of house-drain- 
age as practised in England in one essen- 
tial point. There, it is the rule to keep 
soil-pipes separate from waste-pipes ; to de- 
liver to the former, in the words of Prof. 
Fleming Jenkin, ** such foul matters as 
would certainly be tainted when conta- 
gious disease occurs in the house" — in 
other words, the waste water from water- 
closets, urinals, slop-sinks, and probably 
laundry- tubs. A second system ^^ receives 
all liquids, which may be called dirty, 
but not foul — the water from baths, 
kitchen-sinks, and wash-hand basins." It 
is, moreover, the rule in England to locate 
the soil-pipe outside of the house-walls, 
and to deliver the waste-pipes over an 
open gully in the yard, from whence the 
wastes run into the house-drain. Both 
arrangements are entirely impracticable 
in this country on account of the severity 
of the climate, and the separation of the 
two systems by discriminating between 
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foul and dirty waste water leads to un- 
necessary complications. With well-joint- 
ed, thoroughly ventilated soil-pipes of 
iron, it seems quite permissible in Ameri- 
can plumbing to run into them the wastes 
from any fixture in the house, if it be 
near the soil-pipe, and where vertical 
stacks of waste-pipes are run for bath- 
tubs and wash-basins, these waste-pipes, 
if properly jointed, may with perfect 
safety deliver into the iron cellar-drain, 
which receives the soil-pipes of the house. 



If all the rules on house-drainage here- 
tofore explained are carefully observed 
the system of drainage of a dwelling will 
be as perfectly as possible in accordance 
with the present knowledge of sanitary 
science. Time and experience may find 
out hitherto unknown faults, but will also, 
it is believed, teach the proper remedies. 
With pipes of proper mater ialy properly 
johied, properly laid, and properly and 
sufficiently often flushed with air and 
water, the object of a system of hons^ 
drainage seems to be attained — viz^i the i$^ 
stant removal from the house of all liquid 
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a7id semi-liquid waste matter, and the per' 
feet oxidation and constant dilution of the 
air contained in the pipes. 

Says Mr. J. C. Bayles: "The conclu- 
sion I have reached is that when sewer- 
air finds its way into a house through the- 
soil and waste pipes the fault lies some- 
where between the architect, the builder^ 
and the plumber. In any case it is with- 
out excuse. I know that houses can be 
drained into sewers without bringing 
sewer-air into them. The existence of 
foul sewers is in itself a perpetual dan- 
ger to the public health, but there is no 
reason why we should bring that danger 
into our houses by providing channels 
through which the poisonous air of the 
sewer can find a means of ingress.^ I 
know of houses into which no sewer- air 
ever comes — unless, possibly, through the 
windows, borne in with the air of the 
street — and I have no hesitation in say- 
ing that, when the tenants of houses de- 
mand immunity from the dangers of un- 
healthful conditions, architects and build- 
ers will find a means of correcting the 
evils now complained of as practically ir- 
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remediable. Sanitary reform in cities only 
waits until those to be benefited by it shall 
demand it." 



I have endeavored in this volume to 
explain what means and devices should be 
used, and what rules must be followed, 
8i)eedily and safely to remove by the 
water-carriage system all liquid and semi- 
liquid wastes from habitations. 

Further information on this branch of 
domestic and sanitary engineering may be 
found in a companion volume, in the 
Van Nostrand Science Series, published 
in a second, enlarged edition in 1890, and 
entitled " Recent Practice in the Sanitary 
Drainage oj Buildings,'^ 

The all-important question of how to 
dispose of the waste matters of the house- 
hold in the safest, least disagreeable> most 
efficient and most economical manner has 
not been referred to herein. 

The discharge of sewage into water- 
courses or into the sea, its treatment by 
chemical processes, filtration of sewage, 
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surf;i(;e and sub-surf ace irrigation, inter- 
mittent downward tiltration of sewage, 
tlie processes of dry removal, by 2)ail or 
tubs, earth -closets, ash-closets, cesspools, 
})rivies, vaults, manure pits and kindred 
.su])jects, the removjil of garbage, kitchen 
slops, jislies, etc., in other words, ^^ The 
J)isj)()s(d of Household Wastes,-' is made 
the subject of a third volume in the 
Science Series, published in 1890. 
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